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Langley Research Center, National Aeronautics and 
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the direction of D. R. Brooks of the Space Technology 
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Section 1 

INTRODUCTION AND SUMMARY 

The objective of this study has been to assess the current state of minor, planet epheme- 
rides and to develop the means for providing and updating these ephemerides for use 
by both the mission planner and the astronomer. 


Mission modes for studying asteroids and comets proposed by mission analysts in- 
clude flybys of single targets, multiflybys, and surface sample return missions. Of 
particular interest as a background to this study are the multiple asteroid flyby mis- 
sions proposed by Brooks, Hampshire, and Drewry^»2 and others. These missions 
demonstrate the need for readily available estimates of ephemeris accuracies, inas- 
much as their analysis involves a large number of constantly changing targets. Velocity 
increments to effect close flyby of several asteroids on a single mission are highly de- 
pendent on the relative positions of the asteroids. From a systems point of view, these 
ephemeris uncertainties impact spacecraft propulsion and acquisition and guidance sub- 
systems and thus could tend to restrict the number of suitable targets. It is usually 
assumed that ephemeris accuracies for asteroids being approached at flyby velocities 
should be on the order of 1000 km, but a better estimate of the worst tolerable position 
uncertainty must await further design studies of possible spacecraft configurations. 

The resulting criteria for ephemeris accuracy , in conjunction with a great deal of 
recent work to define physical characteristics of asteroids from ground-based obser- 
vations, ^ will aid mission planners in more sharply defining desirable multiple flyby 
missions. 

An immediate source of partial answers to questions about ephemeris accuracies for 
the numbered asteroids is contained In Ephemerides of the IVlinor Planets, published 
annually by the Institute for Theoretical Astronomy, Ijeningrad, U. S. S. R. In addition, 
current observations are published in astronomical journals and released from time to 
time by various observatories. While these and other sources contain the raw data 
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necessary for determining ephemeris accuracies, the mission analyst needs an easily 
accessible means of interpreting such data. Also, the computational means required 
to reduce the raw data to quantities suitable for use by the mission planner are not 
always available. Thus, the results of this study are needed to facilitate determina- 
tion of ephemeris accuracies. 

The study began with a consolidation of the data contained in the Ephemerides of Minor 
Planets. This is published in Appendix A in the form of a computer listing. Second, 
a thorough search of other available astronomical literature was made to establish a 
complete base of existing minor planet ephemeris accuracy data. Next, a new com- 
puterized method was developed for the systematic ephemeris determination of all 
numbered minor planets. Examples of how data generated by the new method can be 
used by the mission planner and astronomer are provided in Appendixes B, C, D, and 
E. It should be noted that the osculating element data presented in these appendixes 
are shown as examples of output only and are in most cases not as accurate as data 
provided by the Ephemerides of the Minor Plmiets. On the other hand, the perturba- 
tion data shown are sufficiently accur^.e to be used directly with current observational 
or other more recently published data. Appendix F is a short description of the main 
computer programs and subroutines developed during the contract period. 

The accuracy of the existing ephemerides for all of the numbered minor planets was 
examined on the basis of data contained in the annual volumes of Ephemerides of Minor 
Planets and elsewhere. An empirical formula was developed and used to estimate the 
present ephemeris accuracy in terms of angular errors and distance errors in kilome- 
ters. These are listed in Appendix A and are summarized in Table 3-1. Discussion of 
the methods used and results obtained are given in Section 3 . Results from this survey 
show accuracies ranging from 1.0 arc-sec (1,000 km) to 4,000 arc-sec (4,000.000 km) 
and thus indicate the need for developing a new system for keeping track of the minor 

planets. 

A new system of providing data for all of the numbered minor planets was planned, 
and computer programs for its initial mechanization were developed. Essentially, 
this new system furnishes the osculating elements for all of the numbered minor planets 
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at an adopted date of 10 October 1972 (JD = 2441600.5 days) and at every 400-day date 
over the years of interest. It also furnishes the perturbations in the rectangular co- 
ordinates relative to these osculating elements at every 4-day date. The overall 
ephemeris! accuracy depends on the accuracy of the adopted elements at the initial 
date, which must be improved in stages to meet future standards. Details are given 
in Section 4; samples of listings are contained in Appendixes B, C, D, and E. 

A new computer program was designed and developed to integrate the perturbed motion 
of a group of 50 minor planets simultaneously. This mass production approach secures 
great economy in both machine time and supervision. On the CDC 6400 computer, the 
numerical integration of 50 minor planets at a step interval of 4 days over one 400-day 
interval requires about 100 seconds of central processor time. At this rate, more 
extensive integrations than originally planned become practical. Appendixes B, C, D, 
and E came directly from listings made by the program. Details are contained in 

Section 6. 

The data furnished by this new system and program are so extensive that only samples 
are listed in this report . However , all data computed during the study by the new 
system for all the minor planets are available on magnetic tapes. The osculating 
elements at each 400-day date and the perturbations in these elements are listed in 
full whenever a run is made. However, the perturbations in the rectangular coordi- 
nates relative to these osculating elements at each 4-day step are listed for only one 
of the 50 minor planets in each group during any given run. Again, data for all 50 
minor planets are placed on magnetic tape. Details are given in par. 4,3, and 
examples of some typical uses of the data are given in par. 4.4. The listings in 
Appendixes B, C, D, and E show that the perturbations in the position of a minor 
planet after 10 years can exceed 3 degrees (roughly 10,000,000 kilometers). This 
error, of course, is often small in comparison to the error resulting from the pro- 
pagation of velocity errors in the initial conditions; that is, in the osculating elements 
at the adopted date. Thus, improving the initial elements is of paramount importance 
for obtaining accurate ephemerides at future dates , 
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A method to improve the initial elements on the basis of observed or ephemeris posi 
tions without the extensive computation of perturbations was developed and tested. 
Theory and discussions are contained in Section 5. However, this method was found 
to be less important than originally anticipated because of the high speed of the numer- 
ical integration program, so its use is now planned for only those minor planets having 
low ephemeris accuracy as rellected in the Appendix A tabulation. For the other minor 
planets, the numerical integration program can be used economically to reduce the 
published elements from their epoch of osculation to the adopted standard date. 

Section 7 contains recommendations with regard to work needed to establish and imple- 
ment the new system on a permanent basis. 
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Section 2 

HISTORICAL PROCEDURES 

2.1 ASTRONOMICAL POSITION OBSERVATIONS OF MINOR PLANETS 

Following the discovery of the first minor planet in 1801, an attempt was made by 
astronomers to secure as many accurate position observations as possible for every 
known minor planet. After 1845, new minor planets were discovered at an ever in- 
creasing pace and the number of known ones soon became so large that this practice 
could no longer be continued. In an attempt to provide some observational material 
for all known minor planets, the measurement and publication of approximate positions 
was eventually introduced. For much the same reason, many apparently accurate 
positions were published, although made with small telescopes equipped with inferior 
micrometers. As a result of these policies, it is often found that old position obser- 
vations are good and that modern ones are excellent but that position observations 
made over the many intermediate years are only approximate and essentially useless. 

With the exception of a few of the very brightest objects, all modern position obser- 
vations of minor planets are made photographically. The first four minor planets 
and occasionally a few others are observed with meridian circles. During the last 
century and the first part of this one, most of the accurate position observations were 
made visually with the aid of filar micrometers attached to refracting telescopes of 
large apertures. 

With the possible exception of the relatively few meridian circle obsei^ations, all 
position observations of minor planets are relative . This means that the position of 
the minor planet is compared, either on a photograph or visually at the telescope, with 
neighboring stars, caUed comparison stars, the positions of which are assumed to be 
known. The positions of these comparison stars are taken from one or more catalogs, 
which are based on meridian circle observations, either directly or indirectly. The 
relative positions of all stars change slowly with time because of the space motions 
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of the stars and the sun. These changes are called ’'proper motions." They vary 
enormously from star to star and must be determined by direct measurement. As a 
result, a catalog position may be accurate for some year (called the epoch of the 
catalog) but may be quite poor a few decades later (or earlier) unless the proper 
motion of the star is luiown. Good proper motions are Imown for most stars visible 
to the naked eye, for a considerable number of stars brighter than the 9th magnitude, 
and for a few fainter stars of special interest. The proper motions of faint stars that 
must necessarily be used as comparison stars on photographs made with large tele- 
scopes are totallj'’ unknown. 


The older published positions of minor planets were based on comparison star positions 
taken from various catalogs. An intercomparison of these catalogs shows that each 
differs system aticallj^’ from the others and that tliese differences depend on various 
factors, including the right ascension of the star, its declination, its brightness, and 
its color. Tables of these "systematic corrections" have been published for the im- 
portant catalogs. An application of these systematic corrections and of proper motion 
reduces the position of a comparison star to a given adopted astronomical "system" 
and to the date of observation. This procedure is necessary in obtaining the most 
accurate results, but it involves a great deal of work so is often avoided. 

Modern photographic positions oi minor planets brighter than magnitude 12, say, are 
based on comparison star positions tal^en from special catalogs. The included stars 
are chosen to provide (1) a quite uniform distribution over the entire sky, (2) a spacing 
between stars suitable to secure an adequate number of comparison stars on photo- 
graphs taken with telescopes of moderate apertures, and (3) magnitudes sufficiently 
large to eliminate some of the difficulties inherent in the use of comparison stars very 
much brighter than the minor planet. Positions obtained in this way can have a prob- 
able error of about 0.1 second of arc. F<^r fainter minor planets and for larger tel- 
escopes, the same catalog positions of the comparison stars are often used; but the 
resulting positions for the minor planets are somewhat less accurate unless special 
procedures are used (such as a coarse objective grating, or field plates, or both). 

For the faintest minor planets a id for the largest telescopes, comparison star positions 
must necessarily be taken from the Astrographic Catalog, About this catalog, suffice 
it to say that the epoch of the catalog is about 1900 and no proper motions are known 
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for comparison stars taken from it* As a result, minor planet positions based on this 
catalog are never known to better than 1* 0 second of arc and can quite easily be in 
error by 4 seconds of arc* 

Modern positions of minor planets are all referred to the standard mean equator and 
equinox of 1950.0* Somewhat earlier positions were often referred to the mean equator 
and equinox of the beginning of the year o observation (e.g. , 1934,0). Still earUer 
positions, especially those from the last century, were referred either to a mean 
equinox or to a true equinox of date or they were apparent positions (true equinox and 
stellar aberration). Thus, for a particular position, reductions for precession, nu- 
tation, and stellar aberration may or may not be required. In the last century, the 
measurement of positions was practiced by most astronomers, all of whom were so 
familiar with the then current but changing practices that published positions often do 
not contain precise statements about the system to which they refer. 

The ultimate accuracy inherent in a particular photograph or in a particular instrument 
was, and is, not always attempted. Often quality has been intentionally sacrificed for 
quantity. The purpose for which the observations were made governed this, and cor- 
rectly so. The fact that such observations are now available for general use is an 
added feature. However, their correct usage depends on a knowledge of the intended 
usage, the standards attempted, the inherent advantages and defects of the instruments 
used, the actual accuracy attained, the systematic errors introduced, and on many 
other factors, sometimes including the habits of the observerl 

2.2 DETERMINATION OF ORBITS OF MINOR PLANETS 

Ceres was observed for several weeks following its discovery in 1801, after which it 
remained too close to the Sun to be observed for several months. For the first time 
there was need to provide a finding ephemeris for a star-like object on the basis of 
observations extending over only a small part of an elliptic orbit. The finding ephem- 
eris needed to be good, since the only way to distinguish Ceres from the many stars 
of similar brightness nearby in the sky was to watch each star for several hours until 
one was found to be moving relative to its neighbors. The problem of furnishing a 
good finding ephemeris was that of determining a good orbit on the basis of observed 
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positions extending over only a short interval of time. The problem was solved by 
Gauss, who invented a complicated and ingenious method, the principles of which are 
still in use. 

An elliptical orbit is defined by six constants, and as each observed position provides 
two independent measures (right ascension and- declination) a total of three observations 
is necessary to find tlie orbit. A basic quantity in the orbit determination process de- 
pends on the geocentric distance of the minor planet, the radial velocity of the minor 
planet with respect to the Sun, and the energy of the orbit. In this basic quantity, the 
geocentric distance is multiplied by the square of the smallest time interval between 
any two of the three dates of observation, the radial velocity is multiplied by the cube 
of this interval, and the energy is multiplied by the fourth power of the interval. Thus, 
the geocentric distance is the easiest quantity to determine, whereas the energy is the 
most difficult to rletermine. The mean daily motion in the orbit depends solely upon 
the energy of the orbit, iu\d so is much more difficult to determ ine than are the other 
elements. In the computation of nn ephemeris, the mean daily motion is multiplied 
by the time, whereas none of the better determined elements is so multiplied. Thus, 
the accuracy of the ephemeris depends almost completely upon the accuracy of the 
mean daily motion, which is the most difficult element to determine. For best accu- 
racy, the time interval between the first and last observations should be as long as 
possible, and the second observation should lie near the middle of this interval. 

Geometrical considerations, as well as the above dynamical ones, affect the accuracy 
of an orbit determined from three observations. The determinant of the problem is 
very nearly the determinant of the 3 by 3 matrix formed by the direction cosines of the 
three observed positions. This determinant will be zero if the three observed positions 
lie along a great circle. A minor planet often moves many degrees across the sky in 
a path that approximates a great circle. Even if the motion does not lie on a great 
circle, nevertheless the three basic positions may, accidentally, lie on a great circle. 

If a minor planet should move in the ecliptic — that is, if the inclination of its orbit 
should be zero - it would permanently move in the great circle that is the ecliptic. 
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The determination of an orbit from observations extending over several weeks or 
months is essentially the problem of determining an orbit from three observations. 

The above dynamical and geometrical considerations still hold. The value of additional 
positions lies in the resulting opportunity to select three accurate ones at times that 
maximize the geometrical determinant or keep it as large as possible while keeping 
the time intervals as nearly equal as possible. If enough additional positions are 
available and distributed in a suitable manner, the three basic positions may be chosen 
as "normal positions, ” which are a general average of several nearby positions. 

In principle, the determination of an orbit is the same as the solution of any set of 
transcendental equations. Methods peculiar to the problem at hand must first be used 
to find a good approximation for each constant needed to define the solution and to 
select the particular solution of interest if there is more than one solution. 

When the constants that define the solution have been determined with sufficient ac- 
curacy, the problem can be "linearized"; that is, the problem of determining the con- 
stants themselves can be replaced by the problem of determining the corrections to 
an assumed set of constant^>. The equations that determine these corrections are 
linear, provided that the corrections are sufficiently small. If the corrections are 
not sufficiently small, the solution can be iterated through successive sets of linear 
equations, but the convergence of the process depends upon the accuracy of the initial 
set of constants and upon the degree of nonlinearity of the equations that define the 
original problem. 

In the determination of the orbit of a minor planet, the direct solution based on three 
observations should ordinarily be employed throughout the discovery apparition and 
may continue to be used through the second or even a third apparition. For a numbered 
minor planet, an "apparition" covers die interval between successive conjunctions with 
the Sun. After two apparitions the problem must ordinarily be linearized — partly 
because the methods based on three observations become less satisfactory and partly 
because all or many of the accurate observations should be used through the applica- 
tion of least squares to the solution of tlie many linear equations, which number two for 
each observation. 
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In the last century, each new discovery was assigned a permanent number at its first 
apparition, even though only a few observations of questionable quality were obtained* 
In some cases the orbital elements determined from the observations of the first 
apparition were not accurate enough to provide a sufficiently good ephemeris for the 
next apparition; as a consequence, the minor planet was lost* The brighter minor 
planets so lost were rediscovered later, but 14 (mostly from this century) remain 
lost at this date. Over the years the requirements for assigning a permanent number 
have gradually been tightened, and as a result no additional numbered minor planets 
should be lost. 

The enormous amount of i csearch that was done on the orbits of the minor planets 
during the last century and earlv part of this century was collected, discussed, and 
condensed by Professor Leuschner in his Research Surveys, which was published in 
1935^. This thick volume is the most authoritative reference on the orbital work done 
during the time interval it covers. No comparable publication exists for more recent 
work* 
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Section 3 

SURVEY OF ACCURACY OF EXISTING MINOR PLANET EPHEMERIDES 

3.1 OBJECTIVE OF THE SURVEY 

The principal objective of the survey was to assess the ephemeris accuracy that has 
been achieved for each of the 1779 numbered minor planets. The data used to accom- 
plish this have been taken from annual volumes of Ephemerides of Minor Planets and, 
to a much smaller degree, from other publications. 

3.2 MINOR PLANET IDENTIFICATION 

All of the lower-numbered minor planets have been assigned permanent names, but many 
of the higher numbered ones have not. By international agreement, the discoverer of a 
minor planet has the privilege of naming it when or after its permanent number has been 
assigned. Until the discoverer assigns a name, the temporary designation assigned at 
discovery continues to be used. 

This temporary designation consists of the year of discovery followed by two letters, 
which may or may not be followed by an integer. The first of the two letters denotes 
the half-month of discovery. The second of the two letters is assigned in alphabetical 
order beginning with A and continuing through Z, after which A is again assigned, fol- 
lowed by the digit one, etc. Thus, a given numbered minor planet will often have two 
names associated with it: first, the temporary designation; later, the permanent name 
assigned by the discoverer. Sometimes the permanent name is not directly assigned, 
and the temporary designation continues to be used for many years. 

3.3 last KNOWN OBSERVATION 

The year of the last known observation for a numbered minor planet is a crude {but 
very effective) indicator of the gross accuracy of the orbital elements of that minor 
planet. If a minor planet has been observed in recent years, then its orbital elements 
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must at least be good enough to provide a satisfactory finding ephemeris. If, on the 
other hand, it has not been observed for many years, it is hopelessly lost and will 
probably be rediscovered only by accident. Several minor planets have not been ob- 
served since their discovery many, many years ago. Their orbital elements were not 
determined with suitable accuracy at that time, and they would not have been assigned 
permanent numbers under present rules. A few numbered minor planets that have 
not been observed recently, but which are deemed not to be hopelessly lost, are 
placed on a "critical list" to encourage observers to search for them. 

The year of the last known observation for each minor planet is given in the annual 
volumes of Ephemerides of Minor Planets. Since this publication is the principal 
source (and almost the sole source) for much of the information about the orbits and 
ephemerides of the numbered minor planets, it seems desirable to digress with a dis- 
cussion about some of its contents. 

3,4 OPPOSITION VIEWING 

The principal purpose of the annual volumes of Ephemerides of Minor Planets is to 
provide observers with "opposition ephemerides" for all numbered minor planets. A 
planet is said to be in opposition when its right ascension differs by 12 hours from that 
of the Sun, An object in opposition crosses the meridian of an observer at midnight, 
and so is observable all night, or nearly so. It is then closest to the Earth, and as a 
consequence is then at its brightest for the year. Each of these factors makes the 
neighborhood of opposition the most favorable location for observation of an ordinary 
minor planet. 

The opposition ephemerides given in Ephemerides of Minor Planets are tabulated at an 
interval of ten days, and run for about one month before and one month after opposition. 
During that time the apparent motion of an ordinary minor planet is "retrograde"; that 
is, it moves westward relative to the stars with its right ascension decreasing. Just 
outside these opposition ephemerides (both before and after) the motion in right ascen- 
sion halts, and the minor planet is said to pass through a ^’stationary" point, although 
its motion in declination does not necessarily vanish at the same time. Before the 
first stationary point, and after the second one, the apparent motion of an ordinary 
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minor planet is ’’direct"; that is, its motion relative to the stars is eastward and its 
right ascention increases. When the motion of an ordinary minor planet is direct, 
the planet is not close to the Earth and so is relatively faint; its position in the sky is 
also relatively unfavorable for observation. While the brightness and location in the 
sky are not unfavorable near the stationary points, the problem of identifying the minor 
planet there is acute. On a short photographic exposure, a minor planet and a star 
appear exactly alike. In order to easily distinguish a minor planet from a star, it is 
necessary on most photographs to continue the exposure until the motion of the minor 
planet relative to the stars produces a "trail" on the photographic plate. Thus the 
neighborhood of opposition is the only favorable location for observing the ordinary 
minor planets, and most minor planets are actually observed only in that neighborhood. 


The needs of the professional minor planet observer are satisfactorily met by the 
opposition ephemerides. The needs of observers of things other than minor planets are 
not fully satisfied by the opposition ephem rides. For example, an observer may find 
a bright trail on a photograph he has taken for another purpose. He is curious to know 
whether this minor planet is new, or which one it is, if it is not new. If his photograph 
was taken in the opposition region, he can turn to the opposition ephemerides for a 
positive identification, if his photograph was not taken in the opposition region, his 
curiosity will probably never be satisfied. No ephemerides for most minor planets 
exist outside the opposition region. The identification of a minor planet without an 
ephemeris is a most time-c« msuming process, and may be entirely unsuccessful. Once 
or more each year some enthusiastic observer becomes convinced that his "bright 
trail" comes from a really new and unusual minor planet, or even from a comet (fuzzy 
appearance due to poor seeing and/or guiding), and announces his "discovery" by the 
usual astronomical telegraphic system. Then the professional must spend considerable 
time and effort to identify the minor planet and prove his identification. 

The opposition ephemerides of minor planets are given with an accuracy of about one 
minute of arc. This accuracy is sufficient to properly point even large telescopes. The 
aim of the makers of the opposition ephemerides is to attain this accuracy, and their 
principal efforts are expended in this direction. The effort needed to maintain this 
accuracy for all of the numbered minor planets taxes to the limit the resources of those 
doing this work. In order to cover all of the numbered minor planets as well as possible 
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approximations have often been found necessary, especially for the lower-numbered 
planets that are relatively bright and can be found quite far from their predicted posi- 
tions ^ It should be noted that an observer searching for a stray minor planet need not 
look in all directions from the predicted position, but instead only along a narrow band 
through it. The const uUs that define this band are given with each opposition ephemeris 
and are computed on tr basis that at any instant the orbit of the minor planet traces a 
line on the sl^y, and, nf course, the minor planet itself must be somewhere on this line. 
For the higher-numbered minor planets that are relatively faint, efforts to obtain higher 
accuracy are often made to prevent their loss. The procedures that have been employed 
to provide the opposition ephemerides were adopted by necessity in view of the very 
small budgets available. The results have been adequate for the intended purpose. In 
fact, the results are somewhat remarkable when one realizes that some outstanding 
astronomers consider the minor planets to be the 'Vermin of the sky, " 

3.5 BASIS FOR ORBITAL ELEMENTS 

Data about the orbital elements themselves — their observational basis, their likely 
accuracy, the perturbations that were included, etc. — are given in condensed form in 
the annual volumes of Ephemerides of Minor Plane rs for those planets for which new 
elements were computed since the previous volume was issued. Data were found in 
each of the annual volumes from 1948 through 1972. The data published vary slightly 
over the years, but usually consist of; 

a. The years of the first and last oppositions from which observed positions 
were used in the orbit computations 

b. The total number of oppositions that had usable observed positions 

c. The major planets included in the computation of the perturbations 

d. The largest residual m right ascension (see below) 

e. Reference to publication of the orbit work (Given only in recent years, 
and then foi only a small number of the minor planets) 

Item d, above needs some discussion. By "residual" is here meant the difference 
between an observed right ascension and the right ascension computed from the orbit 
elements and associated perturbations. This residual may be due to an incorrect 
observed position, to insufficient perturbations, to the employment of approximate 
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methods, or to other possible causes; nevertheless, when properly evaluated, it is a 
good measure of the accuracy of the orbit elements. It is given by the orbit computer 
solely for this purpose, and presumably the value he has quoted is based on his best 
judgment of the accuracy of his work. In any case, it is the only estimate of orbital 
accurac}^ that is consistently published for all of the numbered minor planets, and it 
must necessarily be used as a principal datum in the estimate of ephemeris accuracy. 

New sets of elements for each numbered minor planet appeared at least twice in the 
annual volumes mentioned, and many minor planets had three or more sets of new ele- 
ments in that time interval. Each set of new elements was keypunched into cards, and 
a computer program then selected the latest set for each numbered minor planet. 

The orbital elements themselves were talcen from the table of elements in the 1972 
volume of Ephemerides of Minor Planets. For each minor planet, these are: 

• Brightness (in astronomical magnitudes) of the minor planet itself 

• Epoch and date of osculation (here identical, but not necessarily so, 
in general) to which the elements refer 

• Mean anomaly at Epoch 

• Argument of perihelion 

• Longitude of the ascending node on the ecliptic of 1950.0 

• Inclination to the ecliptic of 1950.0 

• Eccentric angle (The eccentricity is the sine of this) 

• Mean daily motion in seconds of arc 

• Semi-major axis (Not used, since the value obtained from the mean 
daily motion is more accurate) 

The date of osculation is the instant at which the elliptical orbit osculates - not in the 
ordinary mathematical sense, but in an astronomical sense, which defines the osculat- 
ing orbit to be the ellipse that represents the instantaneous orbit at the instant of oscula- 
tion, Stated another way, the instant of osculation is the instant at which a numerical 
integration of the perturbed motion must be started with the stated elements. On the 
other hand, the epoch is the instant for which the position of the minor planet in the 
ellipse is stated. That the epoch and date of osculation are here identical is simply a 
matter of convenience - a single date serves two purposes. 

3-5 


LOCKHEED MISSILES 8c SPACE COMPANY. INC. 



LMSC-D420943 


3.6 EPHEMERIS ACCURACY, A GENERAL DESCRIPTION 

The principal part of the inaccuracy of an ephemeris computed from a given set of 
elements arises from the failure of those elements to fit exactly the actual positions 
of the minor planet at the times of observation. This may be due to errors in the 
observed positions themselves, to failure to fully compute the perturbations, to a dis- 
tribution of observations that leads to a poorly conditioned determining matrix, or to 
other causes. Whatever the causes, the sizes of the residuals will usually be good 
indicators of the quality of the resulting orbital elements. A visual inspection of all 
the residuals is the best way to judge the quality of the elements, since it will reveal 
systematic trends that are often meaningful. A single number like the probable error 
(or mean error) of the mean daily motion lumps together the errors of observations, 
the blimders of computation, and the systematic trends, but usually provides a good and 
meaningful measure of the accuracy of the elements. In the present case, neither the 
residuals nor the probable errors are available for most of the minor planets. The 
only datum here available is the largest residual in right ascension, described earlier. 
This must necessarily be taken as the only available measure of the accuracy of the 
elements, or more particularly of the accuracy of the mean daily motion, since by far 
the largest part of the ephemeris error arises from this element, with the other ele- 
ments playing only minor roles. 

3.7 EMPIRICAL FORMULA DEVELOPMENT 

In order to predict the ephemeris uncertainty, it was necessary to devise an empirical 
formula that utilized as well as possible the available data of somewhat doubtful quality. 
It is well known that the error in the mean daily motion is the most important source of 
error after a long time. During the computation of a predicted position, the mean daily 
motion is multiplied by the time interval since the epoch, while all the other elements 
are not so used. The problem of using the largest residual found during the orbit 
computations as a measure of the ephemeris accuracy is then the problem of converting 
this residual into an error in the mean daily motion. No rigorous theoretical basis 
exists for doing this. The method used was simply to assume that the error in the mean 
daily motion was equal to the quoted residual divided by the time interval covered by 
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the observations used in the orbit determination* In many cases, this will turn out to 
be a good assumption; in some cases it may be quite far from the truth. However, 
there is no apparent better way of proceeding. 

A small error in the mean daily motion also arises from the limited precision with whic 
the mean daily motion is quoted in Ephemerides of Minor Planets. This can give rise 
to an error as large as 0.0005 second of arc per day, which amounts to nearly 0.2 
second of arc per year. After 20 years, which is often the interval since the epoch 
of the elements, this amounts to nearly four seconds of arc. 

The epochs for current elements fall in the range of years from 1892 through 1909, with 
major clustering in 1951 (with 348 minor planets), 1957 (with 237 minor planets, and 
1962 (with 395 minor planets). 

Another small error arises from the limited precision with which the other elements 
arc quoted in Ephemerides of Minor Planets. This error does not build up with the time 

Each of the above errors applies to the position as seen from the Sun. At opposition, 
the minor planet is one astronomical unit closer to the Earth than it is to the Sun; thus, 
the error computed from the empirical formula derived as outlined above must be 
multiplied by the factor A/(A-1), where A is the semi-major axis of the elliptical orbit. 

To compute the ephemeris uncertainty, the sum of the two errors in the mean daily 
motion was multiplied by the interval between the year of interest and the earlier of 
(1) the year of the epoch or (2) a year near the middle of the interval covered by the 
observations on which the orbH determination was based. To this was added the con- 
stant error of 1. 8 seconds or arc. This sum was then multiplied by the factor A/(A-1) 
to give the predicted ephemeris imcertainty in seconds of arc. The result was also 
reduced to kilometers in the orbit. Usually, 1 second of arc here corresponds to 
roughly 1000 kilometers; but the conversion factor depends, of course, upon the dis- 
tance of the minor planet from the Earth. 
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This empirical formula, or procedure, has been used to estimate the ephemeris un- 
certainty for each of the numbered minor planets. A computer program provided a 
listing of the basic data, of the predicted uncertainties expressed in seconds of arc 
and in thousands of kilometers, and of brief remarks concerning a few special cases 
among the minor planets. The final computer listing of these results is shown in 
Appendix A. The computer program also writes all of this on a magnetic tape from 
which additional copies of the listing can be made directly. 

The remark "LOST” appearing in Appendix A after 14 minor planets is self-explanatoiy. 

The remark "ESTIMATED" appears after 46 minor planets. It indicates that for those 
minor planets the predicted uncertainty in seconds of arc was not computed from the 
empirical formula used for other minor planets. Instead, the uncertainty was estimated 
directly in seconds of arc, usually because the data needed by the empirical formula 
were either missing or inadequate. However, for the first four minor planets (Ceres, 
Pallas, Juno, and Vesta) it was estimated to be 1.0 second of arc because excellent 
orbit determinations and perturbations exist for these large and bright minor planets. 

3,8 DISCUSSION OF SURVEY RESULTS 


Results from the survey of published minor planet ephemeris data, primarily from 
Ephemerides of Minor Planets, can be summarized as follows; 

a. The details of how the orbit determination was computed are not often 
published. 

b. The only accuracy indicator provided by the published data is the maximum 
residual in right ascension. 

c. Using an empirical relationship to estimate current ephemeris accuracies 
resulted in a wide range of ephemeris uncertainties. An attempt to improve 
this empirical relationship, based on data from a few selected minor planets, 
showed no significant change. 

d. The survey showed that the published data provide ephemerides of accept- 
able accuracy for only a very few minor planets. 


The distribution of the predicted uncertainties according to size, as taken directly 
from the computer listing of Appendix A, is shown in Table 3-1, It is hoped that the 
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accuraxjy of these estimated uncertainties is a little better than order-of-magmtude. 

At first sight, this may seem to be very low accuracy, but it should be noted that the 
estimated uncertainties range from 1 second of arc through 3000 seconds of arc. Thus, 
the presumed accuracy of the estimates is significant in that the numbered minor planets 
are separated into at least several groups between which the ephemeris uncertainties 
differ widely. 


Table 3-1 

DISTRIBUTION OF PREDICTED UNCERTAINTIES 


Range 
(Seconds 
of Arc) 

Number 

of 

Planets 

Range 
(Seconds 
of Arc) 

Number 

of 

Planets 

Range 
(Seconds 
of Arc) 

Number 

of 

Planets 

0 - 

10 

49 

0 - 100 

1209 

0 - 1000 

1654 

10 - 

20 

480 

100 - 200 

141 

1000 - 2000 

48 

20 - 

30 

327 

200 - 300 

89 

2000 - 3000 

16 

I 30 - 

40 

140 

300 - 400 

82 

3000 - 4000 

1 

1 40 - 

50 

80 

400 - 500 

53 



1 50 - 

60 

49 

500 - 600 

26 



! 60 - 

70 

28 

600 - 700 

14 

LOST 

14 

: 70 - 

80 

22 

700 - 800 

18 



GO 

0 

1 

90 

21 

800 - 900 

13 



90 - 

100 

13 

900 - 1000 

9 

ESTIMATED 

46 


1209 


1654 


1779 


Attempts were made to locate additional data in the literature with which to improve 
the accuracy of the predicted uncertainties. In the last century and during the early 
part of this one, all orbit determinations were published in considerable detail. This 
rarely happens now, presumably because of high cost and the desire to devote avail- 
able space to other things. As a result, most orbit determinations for the numbered 
minor planets are not published outside of Ephemerides of Minor Planets, and a very 
condensed form is adopted for those that are published elsewhere. The additional 
data that were located in the literature added little that was new and helpful. 
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Accurate residuals with accurate perturbations included were computed for 21 numbered 
minor planets in an effort to calibrate or improve the empirical formula used* These 
residuals showed nothing unej^ected and agreed with the estimated uncertainties within 
the (admittedly large) uncertainties of the uncertainties 9 No basis was found for attemp- 
ting to make a significant improvement to the procedure adopted to estimate the ephem- 
eris uncertainties or to the estimated uncertainties themselves* In a positive sense, 
the correctness of the early procedures was confirmed* 

It is believed that the value of the results contained in the final listing would be lessened 
if any attempt were made to improve or change the predicted uncertainties for only a 
small portion of the planets. If this were done, the systematic and uniform basis for 
the results would be destroyed without any real gain* The final listing should remain 
as it now exists, and all effort in the future should be expended on an improved sys- 
tem for keeping track of the numbered minor planets. 
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Section 4 

NEW SYSTEM FOR DETERMINING MINOR PLANET EPHEMERIDES 


In the course of a survey of the accuracies with which the ephemerides of the numbered 
minor planets are currently known (the results of which are discussed in Section 3), it 
became increasingly apparent that not only were the uncertainties in most cases very 
large, but also that there exists at present no efficient method for using the available 
data. In this section a new system is described for determining the minor planet 
ephemerides. Numerical examples (based on the inadequate, low-quality orbit ele- 
ments currently available) are included purely to illustrate the advantages of the new 
system. When fully implemented, this system will directly provide the information 
required by those involved with the ephemerides of the minor planets. 

4.1 NEED FOR MORE DATA AND EPHEMERIDES 

As a result of the perturbing influences of the major planets, the orbital elements and 
ephemerides of the minor planets are continually changing . Astronomers and mission 
analysts need a simple method for obtaining accurate data for specific dates. The 
astronomer may need data accurate for the date of his photograph or for an earlier 
date for which accurate position measurements have been made or published. The 
mission analyst may be planning a possible mission and thus requires the minor planet 
position several years in the future. The need for accurate orbit elements and posi- 
tional coordinates of the minor planets at remote times is common to both the astron- 
omer and the mission analyst. 

The present system of publishing elements and opposition ephemerides of the numbered 
minor planets in the annual volumes of Bphemerides of Minor Planets provides the bare 
minimum of information needed by the astronomer, and almost none of the information 
needed by the mission analyst. For example, the opposition ephemeris gives an astron- 
mer the means to point his photographic telescope at the minor planet, and auxiliary 
data given with the ephemeris permits him to identify the trail of the minor planet on 
his photograph with more or less certainty. No means whatever is provided for him 
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to compare an accurately measured position of the minor planet on his photograph with 
the position predicted by the published elements, and thus no monitoring of the accuracy 
of those elements is practleable. Similarly, the mission analyst wishes to find the 
position in space of the minor planet at some future date, with an accuracy of a very 
few thousands of kilometers. He cannot do this from the published orbital elements, 
because the perturbations since the epoch of those published elements may well amount 
to ten million kilometers or more. 

The essential shortcoming of Ephemerides o f Minor Planeto is that the influences of the 
major planets are not available, and their computation is beyond the means of most 
astronomers and mission analysts. Thus, there is a need for a simple way to provide 
the perturbations in the osculating elements and in the rectangular coordinates relative 
to the published elements at the dates of osculation. These perturbations, added to the 
position derived through two-body formulae. wiU provide an accurate minor planet 
position. The astronomer wiU have a position as accurate as his measurement for 
comparison. The mission analyst will have a posiUon for aceurate planning of his 

mission. 

A system developed to satisfy the needs of all those involved with the minor planets is 
described in the following paragraph. 

4.2 THE NEW SYSTEM 

The new system is characterized by the attempt to provide all of the data needed to 
satisfy the requirements of all users and to provide these data in a systematic and 
uniform manner for all of the numbered minor planets. 


Elements of the new system are summarized as follows: 

a. Orbit elements for all numbered minor planets are defined at a single date, 

b. Orbit elements are advanced in 400-day intervals. 

c. Integration and processing is done in groups of 50 minor planets. 

d. The processing is hi^ly efficient: 100 seconds of CDC6400 CPU time per 
50 minor planets per 400 days at 4-day step intervals. 
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e. Perturbations in rectangular coordinates are computed only once for each 
minor planet in intervals of 4 days. 

f . The new system provides; 

® The osculating elements and their perturbations at intervals of 400 days 
pver the years of interest, the angular elements being referred to mean 
ecliptic and equinox of 1950.0 

e The rectangular coordinates and their perturbations at intervals of 4 
days over the years of interest, referred to the mean equator and 
equinox of 1950.0 ’ ; 

A standard date of 1972 October 10 was adopted. This corresponds to Julian Date 
2441600. 5 and is one of the standard 400-day dates recommended by the International 
Astronomical Union (i. e,, the integral part is exactly divisible by 400), Nearby 
standard 400-day dates are given in Table 4-1. The data in the new system are then 
provided at the standard 400-day dates forward and backward from the adopted standard 
date. 

A new observation is now never more than 200 days from a date of osculation, and the 
representation of the observation by means of the osculating two-body elements alone 
immediately gives an accuracy of a very few second of arc, since the perturbations 
over 200 days are very small. These perturbations are computed and tabulated be- 
tween the 400-day dates at intervals of 4 days. When these perturbations in the 
rectangular coordinates are added to the rectangular coordinates computed from the 
osculating two-body elements, a perfect gravitational representation is achieved. 

Perturbations in rectangular coordinates over an interval of 200 days are essentially 
independent of small errors in the osculating elements, and thus need to be computed 
only once. Since the dates of osculation of their orbit elements are all the same, 
perturbations for 50 minor planets are computed by numerical integration in a single 
computer run and output on tape for recovery as needed. 

A significant benefit of the standardized nature of the new system lies in the efficiencies 
with which the data are computed for the approximately 1800 numbered minor planets. 
Thus, the data can be further and continually monitored and economically upgraded 
through the utilization of all past and current observations. 
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Table 4-1 

STANDARD 400-DAY DATES 


Julian Date 

Calendar Date 

244,0000.5 

1968 May 24.0 

0400. 5 

1969 Jun 28.0 

0800.5 

1970 Aug 2.0 

1200.5 

1971 Sep 6.0 

1600.5 

1972 Oct 10.0 

2000.5 

1973 Nov 14.0 

2400.5 

1974 Dec 19.0 

2800. 5 

1976 Jan 23.0 

3200. 5 

1977 Feb 26.0 

3600.5 

1978 Apr 2.0 

4000.5 

1979 May 7. 0 

4400. 5 

1980 Jun 10.0 

4800.5 

1981 Jul 15.0 

5200.5 

1982 Aug 19.0 

5600.5 

1983 Sep 23.0 

6000. 5 

1984 Oct 27.0 

6400.5 

1985 Dec 1.0 

6800.5 

1987 Jan 5.0 

7200 o 5 

1988 Feb 9. 0 

7600.5 

1989 Mar 15.0 

8000.5 

1990 Apr 19.0 

8400.5 

1991 May 24.0 

8800.5 

1992 Jun 27. 0 

9200.5 

1993 Aug 1.0 

9600.5 

1994 Sep 5.0 

245,0000.5 

1995 Oct 10.0 


Julian Date 

Calendar Date 

243,0000.5 

1941 Jan 6,0 

0400.5 

1942 Feb 10.0 

0800.5 

1943 Mar 17.0 

1200. 5 

1944 Apr 20,0 

1600.5 

1945 May 25.0 

2000.5 

1946 Jun 29.0 

2400.5 

1947 Aug 3.0 

2800.5 

1948 Sep 6.0 

3200.5 

1949 Oct 11.0 

3600.5 

1950 Nov 15,0 

4000.5 

1951 Dec 20.0 

4400.5 

1953 Jan 23.0 

4800.5 

1954 Feb 27.0 

5200. 5 

1955 Apr 3. 0 

5600.5 

1956 May 7.0 

6000.5 

1957 Jun 11,0 

6400. 5 

1958 Jul 16.0 

6800.5 

1959 Aug 20,0 

7200.5 

1960 Sep 23.0 

7600.5 

1961 Oct 28.0 

8000. 5 

1962 Dec 2.0 

8400. 5 

1964 Jan 6.0 

8800.5 

1965 Feb 9.0 

9200. 5 

1966 Mar 16.0 

9600. 5 

1967 Apr 20.0 


4.3 DATA FURNISHED BY THE NEW SYSTEM 


Data furnished by the new system are written on two series of tapes; complete listings 
are impracticable because of the large volume of material involved. In one series 
the osculating elements, perturbations in the elements, and some associated data for 
all of the 50 minor planets in a group are written onto tape at each 400-day date. The 
most important of these data are Hsted. Samples of these Ustings are shown in Appen- 
dixes B, D, and E. In the other series, the rectangular coordinates for all of the 50 
minor planets in a group are written onto t^e at each 4-day date, but are listed for 
only one of the minor planets in the group. Samples of this listing are given in 
Appendix C. 
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In the first series, a tape (or file) contains one record for each groi^ of 50 minor 
pl^ets (the last record may contain fewer minor planets, but is of the same size with 
unused words containing hash). Each record has 2804 words, consisting of an initial 
four words that describe the record and 56 words of data for each of the 50 minor planets 
contained therein. Contents of the initial descriptive four words are: 

1 Total nxnnber of minor planets in this record. Integer. 

2 Number of words (56) occupied by each planet. Integer. 

3 Relative address (2749) of last minor planet. Integer. 

4 Dimension (2804) assigned to the array that holds this record. Integer, 

These first four words of each record define a fixed table, which may be operated upon 
by several useful subroutines. 

The beginning of the array ELM of dimensions (56,50) immediately follows the fourth 
word. The array holds the osculating elements and associated data for the 50 minor 
planets contained in the record. 

The quantities shown in Table 4-2 are given for each minor planet at 400-day intervals. 
Quantities marked with an asterisk are listed in Appendixes B and D. The data given 
in these appendixes are for ten 400-day intervals, starting with the initial date of 
osculation at October 10, 1972. All quantities are generated in single-precision floating- 
point arithmetic imless otherwise specified. At a rate of 556 birtes per inch, each 
record occupies about 5 feet of t£q>e, and a complete file occupies about 200 feet* 

hi the second series, a tape contains one file for each group of 50 minor planets (the 
last file may contain fewer minor planets, but has the same number of records). Since 
the step interval for the numerical integration is 4 days, there are 115 records in a 
file. These records correspond to seven steps before the initial date of osculation, 
the initial date of osculation, the 100 steps throu^ the final date of osculation, and 
seven steps after the final data of osculation. The complete data in 4-day steps for a 
single minor planet are contained in Appendix C for ten 400-day Intervals starting with 
the initial date of osculation at October 10, 1972. Appendix E contains the same data 
In 400-day steps for 50 minor planets. 
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Each record (including the last one, wherein unused words contain hash) has 401 words 
and contains the quantities shown in Table 4-3e Each word is generated in single- 
precision floating-point arithmetic unless otherwise specified. At 800 bpi, each 
record occupies about 6 inches of tape, and each file occupies about 60 feet of tape. 
Thus, one 2400-foot tape can accommodate about 2000 minor planets over one 400-day 

interval. 


Table 4-2 

CONTENTS or ELM FOR ONE MINOR PLANET ~ FIRST 
SERIES OF DATA TAPES 

\Vord Contents 

1* Number of the minor planet. Integer, 

2 Reserved for the future 

3-6* Name of the minor planet, 4A4 format. 

7-8* Source from which the elements were taken, A4, 14 format. At 

present this is always EMP and year, where EMP stands for 
Ephemerides of Minor Planets. 

9-11* Author of the elements. 3A4 format. 

12-15* Reference, if any, to a known publication of the elements where more 
complete details are given (such as the observations used, their 
residuals, etc,). 4A4 format. 

10* Absolute magnitude of the minor planet, which is defined as the astro- 

nomical magnitude the minor planet would have if it were placed one 
astronomical unit from both Earth and Sun. Here expressed as an 
integer with unit of 0,1 astronomical magnitudes. 

17* Quality of the elements. Indicates the stage of improvement of the 

elements for this planet. Integer, 

-1 denotes a 'lost" minor planet. 

0 refers only to the minor planet, number 864, which is identical with 
minor planet 1078. 

1 denotes the initial adopted elements. 

2 denotes that the initial adopted elements have been improved by the 
method of Section 5.2 applied to one or two positions taken from an 
opposition ephemeris. 

3 denotes that elements of lower quality have been improved by the 
method of Section 5 applied to one or more accurate observed positions. 


♦Quantities listed in Appendixes B and D 
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Table 4-2 (Cont, ) 


Word Contents 

18* Integral part of the present Julian Date of osculation. Date of 

osculation is this number +0, 5, 

19-24 Double-precision equatorial coordinates at date of osculation. 

Mean equator ;and equinox of 1950. 0. 

25-30 Double-precision equatorial velocities at date of osculation. Mean 
equator and equinox of 1950,0, Unit of time is the mean solar day, 

31* Argument of perihelion in degrees at the date of osculation. 

Equinox 1950,0, 

32* Longitude of ascending node on the ecliptic in degrees at the date 

of osculation. Equinox 1950,0, 

33* Inclination to the ecliptic in degrees at the date of osculation. 

Equinox 1950,0. 

34_42 Equatorial PQR matrix. This matrix rotates from orbital coordinates 
to equatorial coordinates at the date of osculation. Equinox 1950. 0, 

43* Mean anomaly in degrees at the date of osculation, 

44* Semimajor axis at the date of osculation, 

45* Eccentricity at the date of osculation. 

46* Mean daily motion in seconds of arc per mean solar day at the date 

of osculation, 

47* Semiminor axis at the date of osculation, 

48* Integral part of the initial Julian Date. This initial Julian Date is 

defined as Julian Ephemeris Date 2441600.5 = 1972 October 10.0 
Ephemeris Time, 

49* Perturbation in the mean anomaly at the present Julian Date of 

osculation and since the initial Julian Date. Expressed in degrees. 
See par. 4.4, Examples. 

50* Perturbation in the argument of perihelion at the present Julian 

Date of osculation and since the initial Julian Date. Expressed in 
degrees. Equinox 1950.0, 

51* Perturbation in the longitude of the ascending node at the present 

Julian Date of osculation and since the initial Julian Date, Expressed 
In degrees. Equinox 1950.0 , 

52* Perturbation in the inclination at the present Julian Date of osculation 

and since the initial Julian Date. Esqjressed in degrees. Equinox 
1950.0. 


*Quantities listed in Appendixes B and D 
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Table 4-2 (Cont*) 

Word Contents 

53* Perturbation in the semimajor axis at the present Julian Date of 

osculation and since the initial Julian Date, 

54* Perturbation in the eccentricity at the present Julian Date of 

osculation and since the initial Julian Date. 

55* Perturbation in the mean daily motion at the present Julian Date of 

osculation and since the initial Julian Date» Expressed in seconds 
of arc per mean solar day. 

56 Available for future use. 

*Quantities listed in Appendix B and D 

Table 4-3 

CONTENTS OF SECOND SERIES OF DATA TAPES 

Contents 

Integral part of current Julian Date. Integer. 

Number of first minor planet in record. Integer. 

Quality of elements for first minor planet. Integer, 

Perturbed X- Coordinate 

Perturbed Y-Coordinate For first minor planet 

in record 

Perturbed Z-Coordinate 
Perturbation in X- Coordinate 

Perturbation in Y-Coordinate . For first minor planet 
Perturbation in Z-Coordinate 

Number of second minor planet in record. Integer, 

Etc. 

4.4 USE OF DATA FURNISHED BY THE NEW SYSTEM 

The space ephemeris described in the previous section provides precisely the data 
required by the mission analyst. These same data are needed by the astronomer to 
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compute his opposition ephemeris or to represent his observed positions. He needs 
only to add the equatorial rectangular coordinates of the Sun to the perturbed equatorial 
rectangular coordinates taken from the space ephemeris. He obtains- the equatorial 
rectangular coordinates of the minor planet referred to the observer as origin. From 
these, the astronomer easily computes the right ascension, declination, and other 
quantities in his opposition ephemeris, or the theoretical right ascension and dc'Clina- 
tion at the date of his observation t<- compare with the observed right ascension and 
declination. 

The data provided by the new system can be used in two basically different situations. 

In the first situation, the most accurate elements available to define the orbit of the 
minor planet are assumed to be those used to compute the data on the tapes and listings. 
In this case, all of the data are correct and may be used directly. In the second situa- 
tion, it is assumed that a more a<^curate set of elements is available, differing only 
small amounts from the elements used to compute the taped and listed data. In this 
case, only the perturbations in the elements and in the rectangular coordinates should 
be used. Results will not be exactly correct, since the perturbations were computed 
about a different orbit, but they will be sufficiently accurate for most puiposes. 

Typical uses of the data on the tapes and in the listings include the following examples: 

1. Obtain the perturbed equatorial rectangular space coordinates of a minor 
planet at a tabulated 4 -day Julian Ephemeris Date. Assume the given 
orbital data. 

2. Obtain the perturbations in the equatorial rectangular space coordinates of 
a minor planet at a tabulated Julian Ephemeris Date, Orbital data may be 
as given, or improved. 

3. Same as example 1, except that coordinates are required at an untabulated 
Julian Ephemeris Date. 

4. Same as example 2, except that perturbations are required at an untabulated 
Julian Ephemeris Date. 

5. Determine the perturbed coordinates at a specified Julian Ephemeris Date 
from a set of improved elements. 

6. Determine the mean anomaly at a specified Julian Ephemeris Date for a 
set of improved elements. 

These uses of the data are best e^qalained by specific numerical examples, which will 
also help to define the exact meaning of the various kinds of data provided, 
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Elxample 1: Rectangular Coordinates at a 4-Day Point* Suppose that the most accurate 
orbit available for the minor planet 1 Ceres is that used in computing the tabulated 
data, and that the perturbed equatorial rectangular space coordinates are wanted for 
Julian Ephemeris Date 2442164* 5. This date is 164 days later than the immediately 
preceeding 400— day date (Julian Ephemeris Date 24420000*5)* Also, 164 is exactly 
divisible by 4, thus the required date is a tabu^ted 4-day point* Referring to the for- 
mat description for the second series of tapes (par* 4*3) the required coordinates 
appear in words 4, 5, and 6 under Julian Ephemeris Date 2442164 and minor planet 
number 1. line 42 of the listing in Appendix C contains these quantities, expressed 
in astronomical units* They are-. 

X - 2.0544716593 
Y -1.7549533520 
Z = -1.2457539671 

Elxample 2t Perturbations at a 4-Day Point. Suppose that the perturbations in the 
equatorial rectangular space coordinates with respect to elements osculating at the 
immediately preceding 400-day date are wanted for the minor planet 1 Ceres at Julian 
Ephemeris Date 2442164.5 This example will provide the perturbations either in the 
given elements, or in improved elements when differences are small. Proceeding as 
in the previous example, the required perturbations appear on the second series of 
tapes in words 7, 8, and 9 under Julian Date 2442164 and minor planet number 1. 
line 42 of the listing in Appendix C also contains these quantities, ejq>ressed in 
astronomical units. They are; 

delX = 0*0003656068 
delY = -0.0000453460 
del Z - 0.0000252780 

These perturbations for minor planet 1 Ceres correspond to about 55, 000 kilometers 
in 164 days, or to about 30 seconds of arc as seen from the Earth at opposition. These 
amounts can be much larger or smaller for other minor planets. 
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Ex^I^e 3; Inter polation for Rectangular Coordinates Between 4~Day Points. If the 
date in the first example were not a tabular date, then the coordinates would have to 
be interpolated from the given table. This can be done easily with the Zig-Zag inter- 
polation formula, which is 

\ ^ + C4D4 + 

where 

X is the function being interpolated 

is the required interpolated value 

Xq is the preceding tabular value 

is the 1-st difference on the half-line below X^ 

D 2 is the 2-nd difference on the line through 

Dg is the 3-rd difference on the half-line below Xq 

is the 4-th difference on the line through X^; etc. 

n is the fractional way from the preceding tabular point to the following 
tabular point 

Cl - n 

Cg = n(n-l)/2l 

Cg = (n+l)n(n-l)/3t 

(n+l)n(n-l)(n-2)/4l 

Cj. = (n+2)(n+l)n{n-l)(n-2)/5l 
^ etc. 

As many differences as necessary to attain the required accuracy must first be com- 
puted from the tabular values for each of the coordinates. Then the corresponding 
number of C’s must be computed. 

Suppose that the perturbed equatorial rectangular space coordinates of the minor planet 1 
Ceres are wanted for Julian Ephemeris Date 2442166.1, assuming the given orbit. For 
this date n = 0.4, Details of the interpolation are shown only for the X coordinate. The 
coordinate and differences to be used in the formula are underlined in the following 
table. 
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2442156.5 

1.9987483181 







+280436849 




60,5 

2,0267920030 


-3640286 





+276796563 


-46323 


64. 5 

2.0544716593 


-3686609 


+609 



+273109954 


-45714 


68.5 

2,0817826547 


-3732323 


+615 



+269377631 


-45099 


72.5 

2.108720'a78 


-3777422 





+265600209 





76.5 

2.1352804387 




+.4 


= 

-.12 


^3 = 

-.156 


O 

II 

+.0224 


X 

n 

2.0654405541 

Example 4: 

Interpolation for Perturbations Between 4-Day Points, If the date in the 

second example were not a tabular date, then the perturbations would have to be inter 
polated from the given table, just as were the coordinates In the previous example. 

Suppose the required date is the same; viz. , 
are the same, and the difference table iS; 

2442166.1. Then the values of the C^s 

2442156,5 

3262537 



+193477 


60.5 

3456014 

+6577 


+200054 

+74 

64. 5 

3656068 

+6651 +11 


+206705 

+85 

68.5 

3862773 

+6736 +15 


+213441 

+100 

72.5 

4076214 

+6836 


+220277 


76.5 

4296491 


The interpolated value is del = • 0003737947 
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It is to be noted that the differences of the perturbations are ^preciably smaller than 
those of the coordinates, and this fact makes the inteipolations a little easier. 


Example 5; Rectangular Coordinates for an Improved Orbit. Suppose that an improved 
set of orbit elements is available, osculating at the 400-day d^e preceding the date at 
which perturbed coordinates are wanted. The b^ic steps in the procedure for ob- 
taining the required coordinates at a future date are as follows; 

• Compute the unperturbed rectangular coordinates at the desired Julian 
Date from the improved set of osculating elements, using two-body 
formulae. 

• Determine the perturbations at the desired future Julian Date, inter- 
polating as in the previous example, if required. 

« Add the perturbations to the unperturbed coordinates to obtain the 
perturbed rectangular coordinates at the desired Julian Date. 

Purely as an illustration of the procedure, st 5 >pose that the improved osculating ele- 
ments are in fact those used to compute the data and listings provided, and that the 
perturbed rectangular coordinates are wanted at Julian £^hemeris Date 2442164.5, 
as in the first example. The values obtained in the first example should result from 
the procedure and will serve as an informative check on the procedure computations, 
which were performed on an HP-45 calculator. 


The orbital values required for this numerical example are contained on the appropriate 
tape in the first series. With the exception of the PQR matrix, the required Values are 
listed in Appendix B. The first requirement, then. Is to compute the PQR matrix 
(which rotates coordinates from (he orbit plane to the equatorial system) according 
to the following formulae: 


z 

s. 

Qz 


+COS COB w - sin sin u) cos i 

(+sin cos (jj + cos Q sin a; cos i) cos e - sin u sin i sin ^ 

(+sin cos (j + cos Q sin w cos i) sin € + sin ui sin i cos ^ 

-cos n sin w - sin Q cos w cos i 

(-sin n sin w + cos Q cos u) cos i) cos € - cos u) sin i sin € 

(-sin Q sin o) + cos Q cos cu cos i) sin f + cos (d sin i cos € 

+sin Q sin i 
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Ry = -cos n sin i cos e - cos 1 sin e 

R = “COS f? sin i sin e + sin i cos € 

where 

o) denotes the argument of perihelion 

denotes the longitude of the ascending node 
i denotes the inclination 

e denotes the obliquity of the ecliptic for 1950* 0 

From the listings of Appendix B, we have 

w (=ARGPER) - 70^.19002182 

n (=NODE) = 80^.41833167 

i (-INCLINATION) - 10°. 60075242 

and for the equinox of 1950.0 

£ - 23°.44578785 

Substituting these values in the formulae, the components of the PQR matrix are 

- “0.8554523125 

Py - 0.3789403134 

P^ - 0. 3529951552 

- -0.4850733612 

Qy - -0. 8250389098 

Q, - -0.2898527754 

z 

= 0. 1813978365 

Ry = -0.4191837735 

R^ = 0. 8895952949 

(Useful checks on the PQR components, which are direction cosines, are that the sum 
of the squares of any row (or column) of components should equal unity; and that the 
dot product of any two rows (or columns) should equal zero. ) 
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We are now in a position to compute the required rectangular coordinates X, Y, Z: 

(a) Compute 

M = ,Mo + n (JD - JDo) 

where 

JDo denotes the Julian Date at osculation 
JD denotes the Julian Date for which the coordinates are required 
n denotes the mean daily motion , 

Mo denotes the mean anomaly at JDo 
M denotes the mean anomaly at JD 

From Appendix B 

JDo (=IJDOSC + 0.5) = 2442000.5 

n <=MEAN MOTION) = 770". 4945317 

Mo (= MEAN ANOMALY) = 126^.4530634 

and 

JD = 2442164.5 

Therefore 

M = 161°. 5533699 = 2.819638223 rads 

(b) Compute E from 

E - e sin E * M 

where 

E denotes the eccentric anomaly 
e denotes the eccentricity 

From Appendix B 

e (= ECCENTRICITY) - 0.07829883826 
Then E is obtained iteratively in the following manner: 

• Asstune first approximation Ej^ = M radians 

• Compute Mj^ = ® % 

M - 

. Compute Eg = Ej, + l—cos 1^’ 
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9 Compute M 2 = E 2 - e sin E 2 
o Continue iterating until change in E is negligible 

Thus 

E = 2. 842694665 rads = 162^.8744067 

(c) Compute 

X - a(cos E -e) 

Y = b sin E 

where 

b = a (1 - e^) 

and a denotes the semi-major axis. 

From Appendix B 

a (=SEMI-MAJOR AXIS) = 2.767948524 
therefore 

X - -2.861949202 

Y - 0.812567832 

(d) Compute the unperturbed coordinates, 

/^x Sc \\ 

( '’y S ^ ) 

\Pz Qz / 

Thus 

X^ = 2.054106054 

Y’ = -1.754908006 

= -1.245779244 

(e) Compute the perturbed coordinates by addition of the perturbations obtained in 
the second example above. 
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Thus 

X =2.054471661 “ 

Y = -1.754953352 

Z = “1.245753966 

Comparison with the values in. the first example validates the computations. 

Example 6i The Mean Anomaly for an Improved Orbit . Perturbations in the orbital 
elements contained in Appendix D are, except for the case of the mean anomaly, 
simply the differences between the elements contained in Appendix B at the correspond- 
ing date and at the initial date. The perturbation in the mean daily motion for 1 Ceres 
at 2443600. 5, for example, is obtained as follows: 

From Appendix B, the mean daily motion, n, 

at JD 2443600. 5 = 770. 58375366239 
at JD 2441660. 0 = 771. 167QQQQQQ0Q 
Difference in n = -0. 58324633761 

This is precisely the value for the perturbation in n, DEL MDM, tabulated in Appendix D 
for JD 2443600. 5. 

The mean daily motion is constant in an unperturbed orbit. Any change in its value 
with time is due solely to the perturbations of the major planets. The same is true 
for any element. 

The mean anomaly is not an element in the usual sense, since it changes linearly with 
time in an unperturbed orbit. It is therefore given by the formula 

M = M + n {JD - JD ) 
o ' o' 

Thus the total perturbation in M consists of perturbations in the individual quantities 

M and n. The quantity called DEL MO in Appendix D is the perturbation in M only. 

o ® 

To this must be added the effect of the perturbation in n, and this effect is. in fact 
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an integral. For a tabular 400-day date this integral is the sum of all preceding 
values of DEL MDM multiplied by 400, M is expressed in degrees, while n is 
expressed in seconds of arc; thus in practice the sum of the tabular values is 
multiplied by 400/3600, or divided by 9, 


The total perturbation of M could have been computed directly instead of that for 
, but this quantity would be tied to the initial standard date rather than to the 
preceding 4 00 -day date. A considerable loss in flexibility would result. 


As an illustration, find the value of M for 1 Ceres at 2443600. 5 from the perturba- 
tions in Appendix D. Proceed as follows; 

(a) From Appendix B, obtain the mean anomaly and mean daily motion for 1 Ceres 
at Julian Date JD^ = 2441600. 5 

M =41^.19588888888 
o 

n = 771'M6700000000 
o 

(b) Compute the unperturbed mean anomaly at JD = 2443600, 5 

JD-JD = 2000.0 
o 


Thus 


M 


= M + 2000 X 
o 


771.16700000000 

3600 


= 469^.62199999999 

Subtracting 360^, the unperturbed mean anomaly at 2443600.5 is 109^, 62199999999, 

(c) Compute the perturbation in n. From Appendix D, obtain the values of DEL MDM 
preceding 2443600. 5. These are 


JD = 2442000. 5 

2442400. 5 

2442800. 5 

2443200. 5 


DEL MDM = - 0.67246831416 

- 1.93973984903 

- 0.15878519331 

- 0.21417159313 
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The sum of the DEL MDM values is - 2.98516494963. Dividing by 9, the effect of 
the perturbation in n is 

- 0. 331684994403 

(d) From Appendix D, obtain the perturbation in at JD 2443600. 5. This is 

DEL MO = '-3.422076800154 ; . j , 

(e) The total perturbation is then the sum of the values obtained in (c) and (d) above. 
This is 

- 3.753761794557 

(if ) Obtain the perturbed mean .anomaly by adding the total perturbation in (e) to 
the unperturbed value in (b) 

M = 105.868238205442 

This value compares closely with the perturbed mean anomaly at 2443600. 5 tabulated 
in Appendix B for 1 Ceres, which is 

M = 105.868238205548 

The computations using the perturbations are thus confirmed. 
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Section 5 

IMPROVED EPHEMERIS ACCURACY ' 

It has been noted in the preceding sections that the elements initially adopted were ob- 
tained from published elements without the inclusion of perturbations over the often 
long intervals of time from the dates of osculation in the published elements to the ini- 
tial 400-day date. The required numerical integration of these perturbations planet- 
by-planet was not practical within the contract period. In this section, provisional 
improvement of the initial elements is discussed and the theory of a method to do this 
for a minor planet orbit is developed. 

The basic idea behind the theory depends on the known fact that by far the largest part 
of the error in the position of a minor planet usually lies in its mean anomaly, A 
change in the mean anomaly coupled with a small rotation of the orbit plane and no 
changes in the other elements can always be made to fit an observed or ephemeris po- 
sition, and thus to produce better osculating elements at and near that date. 

A suggested procedure to find suitable initial elements for all of the numbered minor 
planets is outlined in Figure 5-1, The reduction of published elements for all of the 
planets to the initial 400-day date with two-body formulas has been done. The basic 
program for numerical integration from the published epochs to the initial 400-day 
date is now available for use with those minor planets that pmssess good elements and 
thus deserve this relatively expensive treatment. For those minor planets that do not 
have good elements, the appropriate improvement method discussed below may be 
used. 

5.1 IMPROVEMENT OF ELEMENTS FROM CURRENT OBSERVATIONS 

The direct and efficient method developed in par. 5. 3, of improving the accuracy of 
the minor planet elements at the adopted standard date (October 10, 1972), uses recent 
observations taken less than about 200 days from the standard date. During the time 
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within the 200-day interval, the effect of perturbations is negligible, and therefore or- 
bit element improvements can be made using only two-body formulae. Unfortunately, 
only a few minor planets have available observations within 200 days from the adopted 
date . 

An alternative is to make use of positions observed earlier. However, to attempt an 
improvement with observations several hundreds of days earlier than the standard 
date would increase the accuracy of the elements only if the perturbations are included. 
The means for improving orbital elements, using recent observations including effects 
of perturbations, is included in the new system. The theory is presented in par. 5. 3. 

5.2 IMPROVEMENT OF INITIAL ELEMENTS FROM PUBLISHED EPHEMERIDES 

Instead of using current or recent observations to improve initial orbital elements, 
predicted opposition ephemerides from the published Ephemerides of Minor Planets 
can be used. These predicted positions are close (within 200 days) to the adopted date 
and therefore perturbation effects can be neglected. Furthermore, these predicted 
positions have been computed including perturbations from epoch to the date of tabu- 
lated ephemeris position. Therefore, the theory described in par. 5,3 can be applied 
directly to improving orbit elements at the adopted date. 

5.3 THEORY OF ORBIT IMPROVEMENT METHOD 

Suppose we have one perfect observation of a minor planet. How can we use this to 
improve the orbit of the minor planet? 

An observation of a minor planet consists of two independent quantities; e. g, , right 
ascension and declination. Thus, one observation imposes two conditions on the orbit; 
or, in other words, two orbital elements can be determined from one observation, 
provided the other four elements are otherwise known. 

Here we propose to determine from the one observation the corresponding eccentric 
anomaly, E, and an angle 0, through which the assumed orbit plane must be rotated 
about a line in itself in order to obtain the actual orbit plane. The location in the orbit 
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plane of the axis of this rotation is arbitrary, but it should be nearly perpendicular to 
the radius vector in order to minimize the size of the rotation. 


The assumed orbit plane is defined by a set of published or otherwise given angular 
elements and i°. The small rotation Q will, in general, cause small changes 

in each of these angular elements. The value found for the eccentric anomaly deter- 
mines the mean anomaly at Epoch, since both a and e are not changed. Thus, four of 
the six elements are here modified by the two conditions provided by a single observa- 
tion: these are M , o), and i. 

j o 


5.3.1 Rotation of Orbit Plane. Given a rectangular coordinate system x°, y^, 
based on the assumed orbit plane as the y^-plane and let 7 be the angle in this plane 
from the positive x^-axis to the positive axis of rotation. Given also a rectangular 
coordinate system x, y, z based on the actual orbit plane as the x y-plane, then the 
rotation matrix connecting the rectangular coordinate systems based on the assumed 
and actual orbit planes is obtained by three successive rotations; (1) about the -axis 
through the angle 7, (2) about the resulting x-like axis through the angle 0, and 
(3) about the z-axis through the angle -7. Denote this rotation matrix by A, then 



= A 



cos 7 -sin 7 0 
A = { sin 7 cos 7 0 

0 0 1 


10 0 
0 cos 0 sin 0 
0 -sin 0 cos 0 


cos 7 sin 7 0 
-sin 7 cos 7 0 
0 0 1 



/ 1 -sin 7 sin 7 

(1 -cos 0) 

sin 7 cos 7 (1 -cos 0) 

-sin 7 sin 0 

A = 

I cos 7 sin 7 

(1 -cos 0) 

1 -cos 7 cos 7 (1 -cos 0) 

cos 7 sin 0 


\ sin 7 

sin 0 

-cos 7 sin 0 

cos 0 


Let 7 ^ f + 90^, where f is the true anomaly of the radius vector. 
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Then 


siny = cosf 
COST = - sin f 


sinT COST 
sinT sinT 
COST COST 


-sin f cos f 
cos f cos f 
sin f sin f 


1 -cos f cos f (1 -cos 0) -cos f sin f (1- -cos 0) -cos f sin 6 

A ^ I -sin f cos f (1 -cos 0) 1 -sin f sin f (1 -cos 0) -sin f sin 0 

> 

cos f sin 0 sin f sin 0 cos 0 


The expected size of the angle 0 is of the order of a few seconds of arc, or at most a 
few minutes of arc. Even for the extreme angle of one degree: 

sin0 - .00175 cos 0 = .99985 1 -cos 0 = .00015 


Thus, to the accuracy needed in practice, the matrix A reduces to 


1 0 -cos f sin 0 

A = I 0 1 -sin f sin 0 

cos f sin 0 sin f sin 0 1 


The complete matrix A may be written' 


where 


A - I + B 


-cos f cos f (1 -cos 0) -cos f sin f (1-cos 0) -cos f sin 0 
B = I -sin f cos f (1-cos 0) -sin f sin f (1-cos 0) -sin f sin 0 
cos f sin 0 sin f cos 0 -(1-cos 0) 


Now 


A-" = I 


+ B 
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thus 


Since 



X - r cos f 
y - r sin f 
z = 0 



-cos f (1 -cos 9 ) 
-sin f (1 -cos 0) 
-sin 9 


Hence 

( cos f (1 -cos 0)\ 
sin f (1 -cos 0) j 
-sin 9 / 

5. 3. 2 Basic Equations in the Assumed Orbit Plane. The equations connecting the ob- 
server, the Sun, and the minor planet may be written 

pi? =1^ 

PV? = + Y° 

plP =1^ + 7? 

where X°, Y^, are the coordinates of the Sun with respect to the observer; X , ^ , 
are the direction cosines of the right ascension and declination measured by the ob- 
server; and p is the distance between the observer and the minor planet. 
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Substitute for the coordinates (x®, y°, 2^) relative to the assumed orbit plane the co- 
ordinates (X, y, 2) relative to the actual orbit plane. Then 





cos f (1 “COS 6 ) 
- r I sin f (l“Cos 0 ) 
“Sin 9 


Explicitly, the basic equations become: 


pp® 


= a (cos E -e) + “ r cos f (1 -cos 9 ) 


b sin E 
0 


+ - r sin f (1 -cos 0 ) 


+ + r sin 9 


( 1 ) 


5.3. 3 Solution of Basic Equations. Since 0 is so small, (1 -cos 0) is negligible in 
the first approximation. To exploit this fact, let 


= X® - rcos f (1-COS0) 
- r sin f (1 -cos 0) 


( 2 ) 


Thus, the basic equations (1) may be written: 


pA° = a (cos E -e) + X 


pM® 

-o 


= b sin E 


+ T 


+ Z ° -I- r sin 6 


(3) 


In the first approximation the terms in (1 -cos 6) are set to zero, and in subsequent 
approximations they are computed from the previous approximation. In this way the 
first two of the above equations are used to determine p and E, while the last is used 

to determine sin 9 • 


5-7 


LOCKHEED MISSILES 8c SPACE COMPANY 



LMSC-D420943 


To solve for p and E, write 


cos E 
sin E 


- (X'' - ae) ]/a 
' ?°P - y' ]/b 


•M = a°P - X' + ae)^/a^ + {jfp - 


( 4 ) 


2.^. 


b‘'(X'p - X' + ae)^ + a2(p°p - Yf = a'^b 
2 




or 


2,2 


_2 -yo , ,2 -TO 
a P- + D ^ 


o 

P - 2 


a^M° y' + f (X' - ae)J 
s? + b^ (X" - ae)^ - aV 


= 0 


But 


+ (1 -e^) X°^Jp2 - 2 [m°Y' + (1 -e^) -f (X" 

+ \y' + (1 -e^) (X'' 

The solution (or solutions) to this quadratic is the required distance P. Then cos E 
and sin E follow from (4). r = a (1 -e cos E), 6 is obtained from the third of (3), 
and a new iteration can be started with the computation of X ^ and from equation (2). 

When the iterations have converged, the mean anomaly (M^) at Epoch is obtained from 

M = E '-e sin E + n(t - t ) 
o ^ o' 

Finally, the rotation matrix. A, is computed with0 and applied to the given PQR 
matrix to obtain the improved ]PQR matrix, from which the improved values of co, fi, 
and i may be computed by standard formula, if desired. 


- ae)Jp J 

2 2 ^ 1 ( 5 ) 

- ae)^ - b J = 0 
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To examine the values of the roots of the quadratic (5), suppose e - 0 and (1 -cos B) 
0* Then 


f )p2 - 2 + r Y") + (X" + Y- - a-) = 0 


^o T-.O . -O ^,0, , . ^O 


Neglecting the small effect of all Z - terms, we have 

2 2 

— 2 - 2 ■ o “ o . _ o ^o „ , T^-o _ — o ^2 

\o -f po ~ 1,; X; + P Y - RcoSi/', X ■• + Y = R 


P ^ - 2 p R cos ip + (R^ “ ^ 


(P - R cos(/‘ - (a^ - sin^^ ) = 0 

r~z ^2 ^ 

p - R cos ± y a - R sin ip 
In the neighborhood of opposition cosip = - 1, and there 


(P + 1)^ = 
P=a-1 or - a-1 


Hence, only one positive root is possible there, and its value agrees with the value 
seen from the geometrical relations* 


Roots of the general equation represent the distance from the observer to a point on 
the minor planet orbit in the direction observed. So long as the minor planet orbit 
lies outside that of the Earth, only one positive root is possible. If, however, the 
minor planet orbit penetrates that of the Earth, then a second positive root may be 
possible. 


5-9 


LOCKHEED MISSILES 6c SPACE COMPANY 



LMSC-D420943 


As soon as the distance P is obtained from the quadratic equation, sin E, cos E, 
sin f, cos f, r, etc. , follow immediately. Then 

r sin e = v°p . z° 

and the solution is complete to the accuracy of the approximation. 

The value for p obtained from the first approximation will probably always be sufficient. 
However, the solution of the basic equations can always be obtained to any desired 
accuracy in a practical case by easy iterations. In each iteration the values from the 
previous iteration are used to compute the terms neglected in the first approximation, 
and the iteration then proceeds exactly as in the first approximation. 
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Section 6 

COMPUTER PROGRAM 


Described in this section are the computer programs that were developed to provide 
the new system discussed in Section 4. A general overview of the program capabilities 
is given, and the numerical integration techniques employed are described. In addi- 
tion, two data tapes, which were received to assist the contract work, are reviewed. 
The computer programs developed during the study are listed and briefly described in 
Appendix F. 

Almost all programs were written in FORTRAN IV, and features peculiar to local in- 
stallations were usually avoided. Advantage was taken of the 60-bit word length of the 
CDC6400, and conversion to a machine with a shorter word length would be difficult. 
Compilation and runs were done under a local version (CALIDOSCOPE) of the SCOPE 
operating system. Active programs and subroutines were maintained in a library kept 
in a permanent file on disk. The Berkeley machine has four tape drives, but no pro- 
gram requires more than two. Extended core storage was not directly used. The 
largest programs required about 70,000 (octal) words of central memory. 

6. 1 GENERAL PROGRAM LAYOUT 

An overview of the computer programs is shown in Figure 6-1. The published minor 
planet elements at Epoch are reduced to the standard date with no perturbations and 
output on tape. Two subprograms are available for improving the taped elements at 
the standard date according to the data available. The taped elements are then input 
to a subprogram whose primary function is to integrate, forward or backward, the 
rectangular coordinates of 50 minor planets for one 400-day interval. Two series of 
tapes are produced (see par. 4. 3). The first series is designated Tape B in Figure 
6-1 (Tape A is an initial version to start the process) and contains the elements of 
the minor planets and associated data. The second series is designated Tape C and 
contains the rectangular coordinates and perturbations with respect to the preceding 
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NMP 20 ELEMENTS REDUCED FROM EPOCH TO STANDARD 
DATE (241600.5) WITH NO PERTURBATIONS 


TAPE A ELEMENTS FOR ALL NUMBERED MINOR PLANETS AT STD DATE 2441600.5 


NMP 24 ELEMENTS AT STANDARD DATE IMPROVED BY USE OF TWO 
EPHEMERIS POSITIONS DURING THE NEAREST OPPOSITION 


NMP 25 ELEMENTS AT STANDARD DATE IMPROVED BY USE OF 
ONE OR MORE RECENT OBSERVED POSITIONS 


NMP 26 ELEMENTS ADVANCED FROM ANY EPOCH TO NEXT 
400-DAY DATE WITH FULL PERTURBATIONS INCLUDED 


NMP23 INTEGRATE FORWARD OR BACKWARD THE RECTANGULAR 
COORDINATES OF 50 MINOR PLANETS FOR 400 DAYS. 
COMPUTE, LIST AND TAPE ELEMENTS, RECTANGULAR COORD- 
INATES AND PERTURBATIONS AS DIRECTED BYCONTROL CARDS. 


TAPE B 

ELEMENTS, PERTURBATIONS, 
ASSOCIATED DATA, RESTART 
DATA. 


TAPE C 


RECTANGULAR COORDINATES, 
PERTURBATIONS WITH RESPECT 
TO PRECEDING 400-DAY DATE, 


I TAPE D SAME AS TAPE C, BUT 
! WITH RESPECT TO NEARER 


400-DAY DATE, 


Figure 6-1 General Program Layout 


LOCKHEED MISSILES & SPACE COMPANY 






LMSC-D420943 


400-day date. Existing capabilities are indicated by solid lines in Figure 6-1, future 
extensions are indicated by broken lines. A description of the program functions is 
given in the following paragraphs. 

NMP 20. The taped elements described in par. 3. 5 were reduced with Program 
NMP 20 to the standard data (Julian Ephemeris Date 244 1600. 5 = 1972 October 10. 0 
Ephemeris Time) adopted in par. 4. 2. The program uses two-body formulae; that is, 
alt elements except the mean anomaly were adopted without change, while the mean 
anomaly at the standard date was computed from 

^1600 " ^Epoch '^Epoch “ '^^Epoch^ 

This simple approximate method is intended only to provide a uniform set of elements 
for all of the numbered minor planets so that systematic methods and programs can be 
used henceforth. The adopted elements were output to magnetic tape, designated 
Tape A. 

NMP 24. This program uses for each numbered minor planet two predicted 
positions taken from the opposition ephemeris nearest to the standard date, improves 
the initial adopted elements, and produces a new Tape A. 

NMP 25. This program is similar to NMP 24 but uses a single observed posi- 
tion for each further improvement of the initial elements. 

NMP 23. Tape A provides the initial input to NMP 23, which performs the 
prime function of integrating the rectangular coordinates of a set of up to 50 minor 
planets for an interval of 400 days either forward or backward. Two tapes are pro- 
duced. Tape B contains the elements of the minor planets, the perturbations and as- 
sociated data, and also restart data for a following 400 day interval. Tape C contains 
the rectangular coordinates and their perturbations with respect to the preceding 400- 
day date (see par. 4. 3). 


6-3 


LOCKHEED MISSILES fit SPACE COMPANY 



LMSC-D420943 


The methods employed in NMP 24 and NMP 25 are relatively inexpensive and satisfy 
an immediate needc However, they do not fully utilize the accuracy inherent in pub- 
lished elenients that have been determined by the best methods from adequate data. 

For those minor planets that have excellent elements, perhaps osculating at a distant 
epoch, there is no alternative to reducing such elements from their epoch of oscula- 
tion to the standard date 2441600. 5 by means of accurate numerical integration. Since 
the epoch of osculation will usually not be a 400 -day date, this reduction should be done 
in two steps; 

a. Use of NMP 26 to integrate one or more minor planets from a common oscu- 
lating date to the following 400 -day date 

b. Use of the principal program NMP 23 to reduce from that 400-day date to the 
standard date 2441600. 5 

Once initial elements at 2441600. 5 have been obtained, the elements can be accurately 
extended to any earlier or later 400 -day date by means of the principal program 
NMP 23. 

NMP 26 is indicated on Figure 6-1 as a future extension of the new system that should 
be considered for implementation. An envisaged additional extension is Tape D. This 
tape is the same as Tape C except that the perturbations are with respect to the nearer 
(instead of preceding) 400-day date. This procedure will minimize the magnitude of 
the largest perturbation. 

The principal Program NMP 23 will be discussed in more detail because of its import- 
ance in computing the data provided by the new system. A flow diagram of the program 
is shown in Figure 6-2. 

NMP 23 has many options that may be exercised during test or production runs. They 
are specified by the numbers punched in two initial control cards. During production 
runs, they control the flow of the program from group to group of 50 minor planets or 
over successive 400-day intervals, as well as the type and quantity of listings to be 
produced. 
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READ FOUR CARDS WITH NUMBERS OF SINGLE MINOR PLANETS SELECTED 
FROM EACH GROUP OF 50 FOR FULL LISTING. 


POSITION SPECIAL TAPE OF PLANETARY COORDINATES AND INDIRECT TERMS. 
READ DATA FOR CURRENT 400-DAY INTERVAL INTO HIGH-SPEED MEMORY, 
WHERE IT REMAINS UNTIL A NEW 400-DAY INTERVAL IS ENCOUNTERED, 


INITIALIZE FOR ONE GROUP OF 50 MINOR PLANETS. 


READ ELEMENTS FOR REQUIRED GROUP OF 50 MINOR PLANETS 
FROM TAPE A OR TAPE B, 


COMPUTE 

ACCELERATIONS 


NUMERICAL INTEGRATION - STARTING PROCES 



NUMERICAL INTEGRATION - RUN PROCESS 


MONITOR THE NUMERICAL INTEGRATION 


CONTROL AND IMPLEMENT THE OUTPUT LISTINGS 
AND TAPES B, C. 


COMPUTE DOUBLE-PRECISION RECTANGULAR 
COORDINATES AND VELOCITIES AT FINAL 
400-DAY DATE. 


DECIDE ON NEXT GROUP OF 50 MINOR PLANETS 
OR NEXT 400-DAY INTERVAL. 


! 

TERMINATION 

Figure 6-2 NMP 23 Flow Diagram 
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While the rectangular coordinates of each minor planet at each 4-day step arc com- 
puted and output to Tape C, their complete listing would produce too much output for 
practical storage or use. Accordingly, a single minor planet among each group of 130 
is chosen to receive such lisf ings, and the extent of these is limited as specified in 
the initial control cards. The numbers of those planets selected in the groups of 50 
are read from four further' initial cards. 

Options in the initial control cards specify the major planets that are to be included in 
the perturbations. In the current production runs, all major planets from Mercury 
through Pluto, both inclusive, have been used. These same options direct the pri(ir 
preparation by Program JPl,8 of the special tape of planetary coordinates and indirect 
terms required by NMP 25. On this tape, each 400-day interval must be complete; 
that is, it must include data for dates before the starting osculating date and after the 
final one. Thus, each 400-day interval overlaps both the preceding and following ones. 
Indirect terms arc those parts of the planetary accelerations that are due to the use of 
an origin at the center of the accelerated Sun. 

The tapes (A and B) output by NMP 20, NMP 23, NMP 24, and NMP 25 all have the 
format required for input to NMP 23. The contents of these tapes arc described in 
par. 4.3. 

The numerical integration process and programs are described in par. 6.2. 

Options contained in the initial control cards direct the program to start with a given 
group of 50 minor planets, to continue over one or more groups, and to end with a 
given minor planet. Or, a single group of 50 or fewer minor planets can be integrated 
over successive 400-day intervals, either forward or backward. 

Numerous checks are provided in the program to ensure that a run is set up in a con- 
sistent and logical manner, and with the correct data. Failure of any check causes 
immediate termination with a diagnostic. Numbers that appear on the page and column 
headings are set by the program and are those actually used. 
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6.2 numerical INTEGRATION TECHNIQUES 

The numerical integration is carried out with a predictor-corrector formula, and the 
process is started by an iterative method. The single and double sums are carried to 
double precision, but all other quantities are computed to single precision, which on 
the CDC 6400 amounts to about 14 significant places. The differential equations of 
motion in rectangular coordinates are integrated directly; that is, the so-called 
Cowell method' is used. At the same time, the unperturbed coordinates are com- 
puted from the starting elements and are subtracted from the integrated ones to give 
the perturbations in the coordinates. This procedure is much to be preferred to the 
so-called "Encke method” when used on a modem electronic computer, since the sizes 
of the numbers are not as important as they were when the computations were done by 

hand. Each method, when properly done, will yield exactly the same accuracy — no 
more, no less. 


To test the accuracy of the integration process and programs, integrations of several 
minor planets were made with only two-body accelerations. After 100 steps, it was 
found that the integrated coordinates agreed with the coordinates computed from two- 
body formulae within the accuracy of the latter <14 significant places). Of course, 

this agreement would not continue if the integrations were continued over a large num- 
ber of steps. 

The accelerations produced by all the major planets from Mercury through Pluto are 
included in production runs The step interval of the integration is four days. This 
short interval is necessary because of the short period and high eccentricity of Mer- 
cury’s orbit (e = 0.206). It should be remarked here that no other integration process 
(Encke method; integration of the elements; etc. ) can use a step interval longer than 
can be used in the present process to attain the same accuracy. The limitation on the 
length of the step interval is inherent in all methods, so long as the attraction of Mer- 
cuiy is included. Even this short step interval may produce an appreciable error when 
the integrations are extended over a very large number of steps (lOOO’s). 

At each and eveiy step of a numerical integration, a short test of the computer's cen- 
tral processor is made to prove that it is still functioning correctly. Any failure of 
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tills test causes an immediate abort with listing of the central processor registers and 
storage areas. No error isolated from a general machine malfunction has been 
detected. 

At each step of the integration the difference between the predicted and corrected val- 
ues for each coordinate is monitored,, as is the size of a specified difference of the 
accelerations at successive dates. These values are stored in memory for each of 
the 150 coordinates. Whenever a value larger than the stored one is encountered, the 
larger value replaces the one in storage. These monitor variables are not used to 
modily the step interval or to cause termination, since with the short step interval 
used here difficulties are not anticipated (except for the very few extraordinary minor 
planets moving in orbits of very high eccentricity, and these always require special 
treatment). The function of the monitor variables here is mainly to prove that nothing 
unexpected did actually happen, and they are ordinarily printed out at the end of each 
400-day interval to give visual proof. 

About 100 seconds of central processor time on the CDC 6400 are required to integrate 
50 minor planets through one 400-day interval. Thus, the integration of the numbered 
minor planets would require about 1 hour of central processor time on this machine. 
This high speed demonstrates the economy of the mass production approach and makes 
practicable the integration of all of the numbered planets over long periods of time. 

6.3 JPL PLANETARY POSITION DATA TAPE 

The easy inclusion of the accelerations by all of the major planets was made possible 
through the generosity of Dr. J. H. Lieske, Jet Propulsion Laboratory, who kindly 
provided tapes containing the coordinates of the major planets aL an interval of 4 days 
for the I9th and the 20th centuries. These tapes were translated to the system of the 
CDC 6400, and work tapes needed by the various programs can now easily be made. 

6.4 MINOR PLAN lT OBSERVATION DATA TAPE 

Dr. Paul Herget, Director, Minor Planet Center, Cincinnati Observatory, very 
kindly provided a tape containing all observations published since approximately 1940 
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for all of the numbered minor planets. An examination of the observations contained 
on this tape shows that for most minor planets the latest accurate observations lie sev- 
eral years prior to the adopted initial 400-day date of 1972 October 10. At "the begin- 
ning of the work, only a very few more recent observations were available from other 
sources. For most minor planets, the perturbations from the adopted initial date back- 
ward to the latest accurate observations are large compared to the accuracy of the ob- 
servations themselves. Thus perturbations must be included even in the first use of 
these observations, and the computation of the perturbations should be based on better 
initial elements than those furnished by the adopted initial ones derived solely from the 
two-body reduction from the published epoch to the adopted initial epoch. Accordingly, 
less use has actually been made of the observations on this tape than was originally 
anticipated. 
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Section 7 

CONCLUSIONS AND RECOMMENDATIONS 


Conclusions from the study are summarized as follows: 

a. The survey of the accuracy of minor planet ephemerides showed that the 
present system does not provide accurate ephemerides nor does it provide 
the means for comparing these data with current observations without 
prohibitive computation. The orbit elements for most numbered minor 
planets are not sufficiently good to provide the accuracy needed for mission 
planners, and are totally inadequate unless brought up to the date of the 
mission with the inclusion of perturbations by the major planets. The cur- 
rent system of providing approximate opposition ephemerides is barely suf- 
ficient for the simplest needs of astronomers and is not organized so as to 
provide extension to other research work. 

b. The new system is designed to satisfy the needs of mission analysts and 
astronomers alike. The best possible initial elements will be provided for 

all of the numbered minor planets, and perturbations relative to these elements 
will be computed over the time intervals of interest. Means will be provided 
to monitor the accuracy of the initial elements and to improve them, on the 
basis of recent observed positions, as the need arises. Results in formats 
easy to use will be made available to all who need them. 

c. Methods for quickly improving the accuracy of the initial approximate 
elements at the adopted standard date on the basis of published ephemerides 
or recent observations have been developed and tested. These are designed 
to give initial elements of a quality sufficient to provide good perturbations 
without extensive numerical integrations. They will serve to get the new 
system started in an economical and systematic manner, 

d. Computer programs to do the work required to set up the new system have 
been completed. Basic programs for the numerical integration of perturba- 
tions in groups of 50 minor planets have been designed, programmed, and 
tested. These programs possess the efficiencies of mass production, so 
that rather extensive numerical integrations are now practicable. 


The following recommendations are suggested for continued development and use of the 
new system: 

a. Improve the accuracy of the osculating elements of all of the numbered minor 
planets at the standard date 1972 October 10, using techniques and computer 
programs now available. These progprams are diagrammatically shown and 
described in par. 6. 1. 
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b. Continuously monitor the accuracy of the elements by representing all 
observed positions as soon after they are made as may be possible. Mass 
production methods will be used to do this economically. 

c. Plan how results that flow from the new system can best be distributed 
to all who need them. The needs of mission planners may be mostly 
satisfied by the listings and tapes described herein. But, for example, 
should not each mission that enters the belt of minor planets be examined 
for possible passes near some minor planet? Should astronomers be 
provided with improved opposition ephemerides? Etc., etc. 

d. Implement the plans derived from the above task to systematically distri- 
bute minor planet ephemeris data to all who need them in formats com- 
patible with individual requirements. 
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Appendix A 

RESULTS FROM ACCURACY SURVEY 


The computer listing contained in Appendix A represents the final estimates of 
ephemeris accuracy for all of the 1779 numbered minor planets . An explanation 
of the headings on the computer listing table is given on page 37 of this listing 
(page A-38 of this Appendix). Comments on the method used to estimate the 
ephemeris uncertainties are given on page 38 of this listing (page A-39 of this 
Appendix) . 
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DEC 

2 

3-1556 

5 

6 

e 

1949 

1965 

6.2 

1969 

17.3 

27.1 


32 

pn»nvA 

8.7 

1951 

OEC 

20 

2.5P76 

5 

6 

5 

1953 

1958 

-324.0 

1968 

2010. 0 

2322. 1 


33 

phlvhywmta 

0.8 

1056 

NOV 

23 

2. 8622 

2 

3 

18 

1921 

1958 

-73,9 

1965 

147.1 

198,5 


34 

riPTF 

9.6 

1951 

OEC 

20 

2. 6868 

5 

6 

4 

1952 

1950 

-21 6.0 

1969 

1125.0 

1375.4 


35 

LFL’KpTHFA 

9.8 

1962 

OEC 

2 

2-0925 

5 

6 

7 

1948 

K66 

-4.5 

l°66 

13. T 

1°, 8 


36 

atalante 

10.0 

1956 

NOV 

23 

2.7480 

2 

8 

10 

1 92 8 

1958 

7.0 

I960 

22.8 

28.6 


37 

PTOFS 

8,5 

1951 

DFC 

20 

2.6428 

5 

6 

5 

1952 

1958 

-72.0 

1967 

301. 1 

453.7 


3fl 

LEDA 

0.7 

1060 

MAR 

7 

2, 7398 

2 

8 

20 

1906 

196? 

8.1 

1968 

19,8 

24.9 


39 

LAETTTTA 

7.4 

1962 

DEC . 

2 

2.7690 

5 

6 

9 

1953 

196 3 

-1.5 

I960 

9.3 

11,9 


40 

MAC YQWIA 

8.4 

1962 

DEC 

2 

2.2660 

5 

6 

8 

1955 

1965 

-3.0 

1969 

13. 1 

12.0 


41 

DAPH^'E 

8.3 

1951 

DEC 

20 

2-7624 

5 

5 

5 

1948 

1953 

36,0 

1060 

203.2 

259.6 


4? 

!5I5 

8.8 

1951 

DEC 

20 

2.4410 

5 

6 

6 

1952 

1959 

90.0 

1967 

433. 0 

453. 1 


43 

A»IA DWF 

0.2 

1056 

pnv 

23 

2. 2032 

2 

8 

26 

1917 

1959 

22.1 

1969 

48.6 

^2.4 


44 

MYSA 

8.0 

1965 

APR 

25 

2.4217 

2 

8 

14 

1943 

1966 

6.0 

I960 

15.6 

16.1 


45 

EUOPMIA 

8.5 

1056 


23 

2.7214 

2 

8 

23 

l<’21 

1950 

11.9 

I960 

29.4 

36. 7 


46 

HESTIA 

9 .3 

1956 

MOV 

23 

2.5245 

2 

8 

29 

1924 

1950 

-68.8 

1969 

1 30.3 

154.0 


47 

AGLA JA 

9,2 

1951 

OFC 

20 

2.8773 

5 

5 

6 

1946 

1953 

72.0 

1969 

3 17. 2 

431.6 


43 

OnpiS 

e.i 

1968 

MAY 

24 

3. 1143 







I960 

300.0 

459.7 

estimated 

49 

pALFS 

8.7 

1957 

JUN 

11 

3.0989 

5 

6 

5 

1950 

I960 

-3.6 

1966 

16.4 

25.0 


50 

VIPGINTA 

10.4 

1956 

NPV 

23 

2.6495 

2 

8 

1^. 

1924 

1959 

62.6 

1969 

125.6 

150,2 
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57 

58 
50 

60 
61 
62 

63 

64 

65 

66 

67 

68 
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70 

71 

72 
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75 
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77 
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06 

87 

88 

89 

90 

91 

92 

93 

94 
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96 

97 
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NpT^ ASf'tr, 
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PljPi^PA 
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9.0 
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FTHO 
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7 ,9 
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LETP 
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9.2 
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9.5 
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10. 1 
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9.0 
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9.6 
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9.1 
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9,3 
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9.3 

Tf epST^nnoF 

9.7 

ALKMEfT 

9 .4 

PFATPTX 

9,8 

KLIP 

10.3 

fO 

0 .9 

SFMFLF 

9,8 

S VL V T A 

B « 3 

THI S3E 
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J'tLiA 

, 8.2 

ANTT PpF 

9.3 
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9.7 
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8 .0 
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8.9 

APStE 

9.1 
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10 .4 

DIKE 

11.5 

hekatf 
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1047 

1951 

MAP 

DEC 

?5 

20 

2,365' 

3.0956 

2 

0 

1956 

NPV 

23 

2.6164 

2 

8 

I960 

MAR 

7 

2. 70S5 

2 

8 

1951 
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20 

2.7598 

5 

6 

1051 

DEC 

20 

2.5073 

5 

6 

1939 

APP 

12 

3.1570 

2 

0 

1951 

OEC 

20 

2.6093 

5 

6 

1951 
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20 

2, 71^.1 

5 

6 

1956 

Kjnv 

23 

2.3933 

2 

8' 

194"* 

JAN 

15 

2.9POI 

5 

6 

194T 

JAN 

15 

3.1344 

5 

6 

1056 

NPV 

23 

2.3046 

2 

0 

19‘'6 

MPV 

23 

2.6810 

2 

8 

196? 

OEP 

2 

3.4230 

5 

6 

1051 

OEC 

20 

2. 6467 

5 

6 

1951 

DEE 

20 

2.4214 

5 

6 

1039 

MAP 

18 

2.7 0 39 

5 

6 

1962 

OEC 

2 

2.9791 

5 

6 

1956 

NPY 

23 

2.6144 

2 

B 

1056 

MOV 

23 

2.7559 

2 

. 6 

1964 

JUL 

4 

2.2662 

2 

8 

1951 

OFC 

20 

2.6657 

5 

6 

1951 

OEC 

20 

2.7736 

5 

6 

1951 

DEC 

20 

2.6716 

5 

6 

1957 

JUN 

ll 

3,3664 

5 

6 

1951 

OEC 

20 

2.6694 

5 

6 

1956 

NOV 

23 

2.6106 

2 

0 

1957 

JUN 

11 

2.4440 

5 

6 

1957 

JUN 

ll 

2.7969 

5 

6 

1951 

OEC 

20 

2.0535 

5 

6 

1962 

DE'* 

2 

2. 7631 

5 

6 

1951 

PEC 

20 

2.4309 

5 

6 

1951 

oe: 

20 

2.3625 

5 

6 

1951 

OEC 

20 

2,6544 

5 

6 

1957 

JUN 

ll 

3.1007 

5 

6 

1967 
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2 

3.4812 

5 

6 

106? 

DEC 

2 

2.7680 

5 

6 

1962 

OEC 

2 

2,5530 

5 

6 

196? 

OEC 

2 

3.1377 

5 

6 

1951 

DEC 

20 

2.5901 

5 

6 

1947 

JAN 

15 

3, 1999 

5 

6 

1951 

PEC 

20 

2.7541 

5 

6 

104 -r 

JAN 

15 

3.1534 

5 

6 

1948 

JUL 

28 

3.0609 

5 

6 

1947 

JAN 

15 

3.0550 

5 

6 

1051 

DEC 

20 

2. 6688 

5 

6 

1962 

DEC 

2 

2.6919 

5 

6 

1962 

DEC 

2 

2,6630 

5 

6 

1951 

OEC 

20 

3.0071 

5 

5 
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RE S’DUAL 
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ppppp C--C ERR 

PP XM3 

e 

1 943 

1954 

.8 

1969 
1 969 

12.9 

300.0 

1 z * s 
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23 

1023 

195B 

35.3 

1069 

“^5. 2 

P«. 1 

20 

1909 

1961 

17 .e 

1 969 

36.0 

4 5.6 

5 

19S4 

1959 

72.0 

1 960 

469.6 

599,0 

5 

1052 

1050 

180 .0 

1965 

939 . 2 

10B7.3 

0 

-n 

-0 

2.4 

1969 

333.3 

521.3 

5 

l°53 

1950 

36.0 

196' 

200. 9 

247.5 

5 

1952 

1961 

90 .0 

1969 

366. 9 

458.3 

23 

1915 

1959 

73.0 

I960 

14C.6 

142.0 

7 

1947 

1062 

-10. 1 

I960 

41.9 

■60,4 

6 

1 952 

1960 

7,5 

I960 

40.7 

7 5.4 

22 

1924 

19=P 

-43,0 

I960 

00 , 3 

91.3 

26 

1 91‘=i 

I TS 7 

129 .2 

1969 

245.6 

?99.4 

10 

1 047 

1065 

9.0 

I960 

22.1 

39.8 

. 4 

1 952 

1950 

Q 0 .0 

I960 

4 74,1 

565 • 8 

5 

1952 

1959 

108.0 

1967 

518.7 

534.4 

10 

1949 

1962 

2 ! .6 

1969 

1 16. 9 

151.1 

u 

1 948 

1962 

4.2 

1969 

14.8 

21.2 

17 

1920 

1958 

23, 1 

I960 

50.8 

;59 .4 

17 

1921 

1957 

04,6 

I960 

169,6 

215.8 

10 

1946 

1964 

2.C 

1 960 

11.3 

10.4 

5 

19 53 

1958 

252.0 

I960 

1571. 4 

109**. 2 

4 

1953 

1957 

144,0 

1967 

1052.8 

1357.2 

4 

195? 

195 8 

36 0,0 

1967 

1 869.0 

2264.4 

6 

1950 

1961 

-45.0 

1967 

121.0 

207.5 

4 

1953 

1957 

108,0 

1967 

792.0 

950.3 

16 

1922 

1957 

-38.9 

1967 

03.2 

97,6 

5 

1953 

1961 

56.6 

1969 

177.5 

19 5,8 

1 1 

1945 

1965 

5.1 

1969 

17.5 

16.4 

5 

1053 

1059 

36,0 

196° 

2 00. 

269.6 

10 

1953 

196 7 

-7,0 

1969 

16.7 

73.9 

« 

19 53 

1958 

72.0 

1969 

4 56.-0 

472.9 

5 

1054 

1059 

100.0 

1969 

U61.8 

U47.3 

6 

1952 

1059 

10 8.0 

1969 

518.2 

621.4 

4 

1053 

1060 

-0.0 

I960 

36. 3 

55.2 

10 

1942 

1014 

5 .0 

1969 

14.4 

75.9 

10 

1949 

1964 

3,0 

1968 

13,5 

17.3 

10 

1040 

1064 

-9.0 

1968 

24.0 

27.0 

7 

1952 

196 5 

4.1 

1969 

13,8 

71.4 

5 

1053 

1958 

100,0 

19 69 

670. ® 

702.3 

9 

1948 

1962 

-12.3 

1968 

50.5 

80.6 

4 

1953 

1 95 0 

100.0 

1968 

6 70.4 

862 .5 

7 

1051 

1061 

33.3 

196T 

155.0 

243.2 

6 

1952 

1961 

-?4 .6 

1969 

124.0 

’ 185.9 

5 

1953 

I960 

8.0 

1966 

57.5 

05.6 

4 

1953 

1958 

270.0 

1966 

1683.0 

2035.7 

10 

1949 

1967 

-6,3 

.1967 

17,0 

20.0 

5. 

1030 

1965 

-0.4 

1969 

20.*' 

25.0 

9 

1942 

1956 

144.0 

1967 

338,9 

588.3 
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STATUS HF MUMRFOcD PlANfrT rPHfwccjrjFj 


^;UMo FC 


^'OTF ABM AO 


FDOf n 


A 

PL A'iFTS 

rjomsiTtnKic 

3 F SI DUAL 

LAST 

cDRro SFC 

ERPHR KM 3 

mi 


9.3 

1956 

Nrv 

23 

2.5830 

2 

a 

17 

1921 

1958 

-41.0 

1967 

.85 = 3 

97.8 

1 OP. 

W T C T 4 W 

10.4 

1951 

DEC 

20 

2,6591 

5 

6 

5 

1953 

1050 

-108.0 

IO 6 P 

5=*5. 0 

701. 5 

103 

MFC/ 

8.6 

1951 

DEr 

20 

2,7017 

5 

6 

5 

1952 

1957 

72.0 

1968 

440,9 

543.9 

10 ^ 


9.5 

19AR 

JUL 

28 

3.1390 

5 

6 

8 

1949 

1962 


1969 

25,7 

39.8 

105 

ARTFM7S 

9,8 

1962 

DEC 

2 

2. JT36 

5 

6 

9 

1051 

1066 

-7.6 

1967 

21.0 

20.9 

106 

0 ! rv c 

8.6 

196? 

D^C 

2 

3.1619 

5 

6 

10 

1951 

196 8 

-5.7 

196 9 

. 15,4 

24,1 

107 

'•AMU LA 

8.2 

1947 

JAN 

15 

3,4895 

5 

6 

6 

1952 

1962 

-3.6 

1965 

25.1 

45.3 

105 

M=ajFP 

9.3 

1962 

oer 

2 

3.2192 

5 

6 

6 

1949 

1962 

-3.0 

1969 

12,2 

19,6 

1 0 <) 

F=LTrT TAS 

10. 1 

1051 

DFP 

20 

2.6960 

5 

6 

5 

1953 

1959 

-25 ’.0 

1 966 

1353,0 

1 663 . 1 

110 

LYOIA 

8,6 


JAM 

15 

2.T325 

5 

6 

9 

msi 

1062 

21,3 

1°67 

ni ,2 

127= 1 

111 

ATF 

9.1 

1951 

OB'* 

20 

Z.‘^93l 

5 

6 

4 

1954 

195 9 

36,0 

1967 

?79.2 

32 2.3 

112 

f PHTOffiJA 

10.7 

1962 

nE»" 

2 

2,4343 

5 

6 

3 

1953 

1967 

4.4 

1«368 

14. 3 

14.9 

1 13 

AMAL THFA 

0.7 

1064 

NPV 

1 

2, 3766 

2 

6 

14 

1938 

1964 

7,2 

1968 

18,6 

18.6 

114 

KASSAMOPA 

9 .5 

1956 

ny 

23 

2.6752 

2 

8 

22 

1919 

195 7 

58.9 

1967 

119.1 

144.7 

115 

THYC t 

o.l 

msi 

DFr 

20 

2.3793 

5 

6 

5 

10 54 

1959 

103.0 

1969 

700.9 

TOO. 7 

U 6 

<;TppAtA 

6.8 

1962 

DEC 

2 

2.7671 

5 

6 

7 

1955 

1964 

6.4 

m^B 

21.3 

27.9 

117 

lOMTA 

9.2 

1962 

OFC 

2 

2.9005 

5 

6 

9 

1949 

1065 

7.0 

I960 

19.0 

2‘T.5 

115 

p.fythp 

10.0 

195T 

JUN 

11 

2,4380 

5 

6 

5 

1953 

1960 

1.7 

1969 

13. 3 

13.0 

im 

AtTF*AFA 

9 .4 

1951 

DEC 

20 

2,5807 

5 

6 

5 

1952 

1958 

36.0 

1969 

195.2 

223.6 

120 

LACHFST5 

8.9 

19 56 

KCV 

23 

3.1209 

5 

7 

19 

1921 

1958 

-7.3 

1968 

20,8 

31,9 

121 

HFPMinMF 

8.3 

1948 

JUL 

28 

3,4538 

5 , 

6 

6 

1951 

196 2 

16.0 

1969 

30,7 

143.5 

122 

‘.cppA 

9.1 

1947 

JAN 

15 

3.2119 

5 

6 

7 

1950 

I960 

9.9 

1968 

51,8 

03.1 

123 

RoyWHlLD 

10 . 1 

1051 

oe: 

20 

2.6936 

2 

0 

10 

1921 

1955 

2 8.9 

1969 

56.8 

81.9 

124 

ALKSSTF 

9.1 

1951 

DEC 

20 

2,6304 

5 

6 

5 

1952 

1957 

36.0 

1966 

225.1 

266.0 

125 

L-lPHifaTP^X 

9.6 

1951 

DFC 

20 

2.7429 

5 

5 

60 

1044 

1053 

108.0 

1968 

404.9 

5U.4 

126 

VEIL FOA 

10.4 

1962 

oe: 

2 

2.4381 

5 

6 

6 

1940 

1966 

- 10.8 

1966 

25,9 

?7.0 

127 

jnnANMA 

9.5 

1957 

JUN 

ll 

2.7550 

5 

6 

9 

19 50 

1962 

5.0 

1968 

18.8 

23.9 

12 B 

NE'^ESTS 

P .8 

1051 

de: 

20 

2. -'SIS 

5 

6 

■ 5 

1052 

195 7 

72.0 

1967 

440.8 

559.6 

129 

ANTTOrWF 

7,8 

1956 


23 

2.8741 

2 

8 

23 

1922 

1957 

-9.5 

1968 

25.7 

34.9 

130 

flektpa 

8.0 

1957 

JUN 

11 

3-1173 

5 

6 

10 

1047 

1950 

-5,1 

1969 

19.9 

30.5 

131 

veiA 

11.0 

1957 

FFP 

11 

2.4309 

5 

6 

4 

1952 

1957 

2 1 .6 

1969 

107.1 

1 ll.O 

1 32 

acTH®A 

10 .3 

1925 

JAN 

10 

2.6123 

2 

8 

21 

1 073 

1961 

-6.5 

1967 

27.4 

32,0 

133 

CVOE^F 

0.0 

1951 

DEC 

20 

3.0616 

5 

6 

5 

1052 

1058 

180.0 

1968 

938,4 

1402. 1 

134 

SHPHPnSYNF 

9.7 

I960 

JAM 

7 

2.5642 

5 

6 

5 

1947 

l«53 

28.8 

1968 

140.9 

159.0 

135 

HFPTMA 

9.2 

1951 

nEC 

20 

2.4281 

5 

6 . 

5 

1953 

1958 

72.0 

196® 

4 56.0 

472.0 

136 

AVJSTOl A 

10.9 

1957 

JUN 

11 

2.2872 

5 

6 

5 

194 6 

1964 

3.2 

1968 

14.5 

13.5 

137 

melt rpea 

9.0 

1962 

DEC 

2 

3.1248 

5 

6 

9 

1924 

1968 

-7.1 

1969» 

16,6 

25.6 

135 

TOL'^Sa 

10.7 

1951 

DEC 

20 

2.4480 

5 

6 

5 

1054 

1959 

144.0 

1966 

931. 1 

977.2 

139 

JUFWA 

9.2 

1951 

OEC 

20 

2.7829 

5 

6 

4 

1 052 

1957 

-144.0 

1969 

872,8 

1127.9 

140 

SI we 

9.5 

1963 

MAR 

7 

2.7324 

2 

8 

2? 

1902 

I960 

■'.1 

1969 

IP. 4 

23.1 

141 

LUPEN 

9.6 

1056 

NOV 

23 

2.6653 

2 

a 

20 

1922 

1956 

-23.8 

1968 

54.5 

65.7 

14? 

OOLANA 

11.4 

1951 

OFC 

20 

2.41C7 

5 

6 

5 

1952 

1959 

IB 0.0 

1966 

858.2 

88 2.4 

143 

ADO 1 A 

10. 6 

1952 

JUL 

7 

2.7599 

2 

8 

10 

1021 

1054 

6.6 

196° 

22. 1 

2S. 2 

144 

VlP’l Tfl 

9 .0 

1956 

NCV 

23 

2.6544 

2 

B 

18 

1919 

1958 

-61.5 

1966 

122.7 

147.1 

145 


8.9 

1957 

JUN 

1 1 

2.6737 

5 

6 

5 

1953 

I960 

15.9 

1967 

59.5 

72.2 

146 

LUCT K'A 

9,2 

1960 

mar 

7 

2. 7190 

2 

8 

23 

1910 

1962 

B.5 

1968 

20,7 

25,8 

147 

oprTOC.FT’FIA 

9.8 

1957 

JUN 

ll 

3.1386 

5 

6 

4 

1952 

1959 

ll.l 

1968 

44,7 

69.3 

144 

r,AlL lA 

8,6 

19 56 

NOV 

23 

2,7702 

2 

8 

18 

1919 

1957 

14.7 

1967 

35.3 

45.3 

149 

«FOUSA 

12.2 

1967 

AOP 

20 

2.1744 

2 

8 

13 

1936 

1967 

10.5 

I960 

22.6 

19.3 

150 

MUWA 

9-2 

1947 

JAN 

15 

2,9025 

5 

6 


1954 

1961 

16.2 

1968 

109, 1 

156,7 
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5;t ^ TU? HP NlIMpfOpp MTNP'P PL4NET 


fro 

Njay c 

151 

a3Uv^^^'TIt 

152 

yrtit 

153 


1 54 

pcorK^ 

155 

«'‘YIL4 

156 

XtMTMy opE 

157 

OEJ^MTPA 

1 58 

K?PCNTS 

159 

4CMTL16 

160 

UNfi 

161 

a thtp 

162 

L AlJOF*'TTA 

163 

eoiocNP 

164 

CVA 

165 

trPCLFV 

166 

BfjonnpF 

167 

JP05 

168 

SlP'^LLA 

169 

Z«LU 

170 

MAP 1 A 

171 

OPHELIA 

172 

PAtJCTS 

173 

I NO 

174 

0 HA EDO A 

175 

, ANDorWArHE 

176 

I DUMA 

l7-f 

IQma 

178 

BEL I SANA 

179 

klytae»*nestpa 

1 BO 

jaouhna 

181 

E’JCHAOIS 

IB2 

ELSA 

183 

▼ST?1 A 

184 

DEJOPE JA 

185 

eUMTKE 

1 86 

TELUTA 

187 

LAMPBPTA 

1 88 

WENT PPF 

1 89 

pmthta 

190 

I $MENF 

191 

KOLGA 

192 

NAUSIKAA 

193 

A 

194 

POOKNE 

195 

BUO Y»^LET A 

106 

PHILPHFLA 

197 

AOETE 

198 

A^pFLLA 

199 

9YBL1S 

200 

OYNAMEHE 


NPTF ABMATi 

ppr'‘H 


A 

PLANETS 

Oocn<^IT 

T n»“j: 

PE SI DUAL 

L AS'^ 

ctRHp ccr fe>e 

pc k‘^3 

10.4 

1 047 

JAN 

15 

2.5922 

5 

6 

5 

1050 

1057 

13,5 

1066 

55. 6 

9 P . 8 

9 , 7 

1952 

JAN 

29 

3. 1331 

5 

6 

6 

] 952 

1962 

-6 .5 

1969 

30.9 

4 T • 5 

Q . 8 

1947 

JAN 

15 

3.9754 

5 

6 

6 

1951 

1961 

13.1 

1068 

66.1 

142.6 

8.5 

1057 

JUM 

1 1 

3.1P06 

5 

6 

6 

1047 

196 1 

“3.7 

1969 

2 6.5 

• 4 L. 9 

12.0 

1941 

JA'“ 

6 

2.7596 

2 

9 

6 

1 S76 

1950 

-3.3 

1950* 

17,6 

22.5 

9.6 

1956 

N'PV 

23 

2.7284 

2 

B 

22 

1923 

19 5 9 

-23.7 

lc^^o 

51.6 

64,6 

12.4 

1956 

NOV 

23 

2. 5778 

2 

8 

7 

1922 

1 ?58 

-a. 7 

1968 

24.1 

2 7.6 

10.7 

1947 

JAM 

15 

2,8677 

5 

6 

5 

1940 

196 0 

8.7 

1969 

44,6 

60.3 

0.4 

1957 

JUM 

11 

3.1 092 

5 

6 

5 

1051 

1065 

« .1 

1968 

24.0 

36.6 

10 . 1 

1956 

NPV 

23 

2.7278 

2 

8 

14 

1921 

1058 

- s . 5 

1968 

23.5 

29.5 

10.3 

1042 

AUG 

29 

2.3789 

5 

6 

7 

1947 

1961 

14.- 

106 8 

71.4 

71.3 

10 . 1 

1056 

NPV 

23 

3, 0261 

2 

8 

14 

1922 

1956 

-15.3 

1 968 

37.2 

54,6 

10.5 

1957 

JUN 

11 

2.367? 

5 

6 

5 

1952 

1961 

46.1 

1968 

135.9 

13<,.7 

9, 8 

1057 

JUN 

ll 

2.6 321 

5 

6 

6 

1940 

106? 

-l.P 

1066 

11.5 

13.6 

8.8 

1951 

DEC 

20 

3.1282 

2 

B 

16 

1920 

19 56 

28.1 

1965 

62.9 

97.1 

10*8 

1957 

JUN 

11 

2.6858 

5 

6 

6 

1050 

1964 

-7.*^ 

1964 

23.7 ! 

29.0 

10.7 

1954 

5FO 

15 

2. 3523 

2 

8 

10 

192 5 

1956 

18.0 

1968 

44,4 

59,6 

9.2 

1948 

JUL 

20 

3.3780 

5 

6 

8 

1951 

196 3 

9.8 

1969 

45.5 

78 .5 

10.6 

1962 

OS'* 

2 

2.3576 

5 

6 

9 

1051 

1963 

2.6 

1969 

12.1 

12.0 

10.7 

1951 

DEC 

20 

2.5539 

5 

6 

5 

1 948 

1956 

396,0 

1969 

1494.3 

1682-9 

9.8 

1957 

JUN 

1 1 

3.1336 

3 

6 

9 

1951 

1962 

“ >.o 

1060 

14. 0 

21.7 

9*6 

1946 

JUN 

29 

2.3794 

5 

6 

il 

194 7 

1962 

-7.2 

1966 

35.3 

35.3 

9 .0 

1957 

MAP 

23 

2.7473 

2 

8 

25 

1930 

'1959 

-5.0 

I960 

17.0 

21 .5 

o. 6 

1951 

DEC 

20 

2.8576 

5 

6 

5 

1953 

1058 

108.0 

1969 

678.3 

913.2 

10.0 

1947 

JAN 

15 

3,2286 

5 

6 

6 

1947 

1959 

27.6 

1969 

108.1 

174,6 

0.5 

1951 

DEC 

20 

3.1681 

5 

5 

6 

1945 

1954 

10.8 

1966 

46.6 

73 , 2 

10 .6 

1039 

EEO 

26 

2,7722 

2 

8 

4 

1937 

1951 

-4 .0 

1969 

27.1 

34.6 

13.7 

1956 

NPV 

23 

2.4597 

2 

8- 

12 

1923 

1957 

10.6 

1969 

44,1 

4 6.6 

0.7 

1951 

DEC 

2 0 

2,9745 

5 

6 

5 

1952 

1958 

216.0 

1969 

1124.5 

1609.3 

11.5 

1956 

NPV 

23 

2.7237 

2 

B 

11 

1925 

1959 

-B.2 

1966 

>2.9 

2 B . 6 

9.0 

1947 

JAM 

15 

3.1213 

5 

6 

7 

1952 

1959 

-1 0.2 

1969 

69. 1 

106. 3 

10 .0 

1956 

NOV 

23 

2.4163 

2 

8 

14 

1921 

1958 

28.2 

1969 

61.4 

63.0 

1 1 .0 

196 8 

MAY 

24 

2.7908 

2 

8 

8 

1937 

1968 

-2.5 

I960 

8.1 

10.5 

9 . 5 

1057 

JUN 

11 

3.1753 

5 

6 

8 

1938 

1963 

-8.3 

1069 

22.2 

3 5.0 

8.5 

1941 

JAN 

6 

2,7372 

2 

8 

0 

-0 

-0 

i.a 

1966 

247.6 

311.7 

10.4 

192 5 

JAN 

1 

2.3620 

5 

6 

7 

1926 

1955 

450,0 

1969 

1445.6 

142". 0 

9.6 

1068 

FEB 

14 

2.7342 

2 

a 

15 

1941 

1968 

-5.9 

1966 

1 3. B 

17.4 

13 .4 

1951 

DEC 

20 

?. 7625 

5 

6 

4 

1952 

1057 

10,8 

1966 

73.6 

94.1 

10 * 4 

1051 

PEC 

20 

2.4501 

5 

6 

4 

1054 

1058 

2 1.6 

1969 

171.5 

1 0 C . 3 

8 .6 

1957 

JUM 

11 

3.9526 

5 

6 

B 

19 32 

1959 

-7.2 

19 69 

20.5 

43.8 

10. 0 

1951 

DEC 

20 

2.BQ36 

2 

8 

26 

1002 

1061 • 

14,3 

I960 

32.8 

45.1 

8.4 

1941 

JAN 

6 

2.4025 

2 

6 

7 

1942 

1955 

7 9,3 

1969 

330.0 

33 5. 4 

ll .0 

1956 

unv 

23 

2.5992 

2 

8 

n 

1016 

1957 

-9 1 .8 

106° 

180. 1 

20P.7 

8.9 

1962 

DEr 

2 

2.6163 

5 

6 

10 

1952 

1968 

4,3 

I960 

1 4.3 

16.7 

10.3 

1941 

JAN 

6 

2.8807 

2 

6 

7 

1940 

lo'='8 

-4.3 

1969 

25. 0 

34. 1 

•» ,7 

1062 

DEC 

2 

3.1127 

5 

6 

9 

1 953 

1964 

-5.9 

1969 

18.7 

28.7 

10 .9 

1956 

NOV 

23 

2.7386 

2 

8 

15 

1914 

1957 

-24.1 

1968 

52.3 

65.9 

9. 

1951 

DEC 

20 

2.4594 

5 

6 

5 

1952 

1057 

21.6 

196P 

139.1 

147 , 1 

10 .0 

1962 

DEC 

2 

3.1716 

5 

6 

. 5 

1945 

1950 

-6.2 

1967 

21.5 

33.9 

9 .4 

1956 

NOV 

23 

2.7375 

2 

B 

21 

1920 

1959 

-76.8 

1969 

152,0 

192.6 
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status '^F NUMPPC'O OLAMFT FPHfwrp i nr^ 


NU«OEP 

N4MP 

NOTE 


EP»^CH 


A 

PLANE.TS 

r^jpnsi Ti n\'s 

oESIDUei 

L AST 

cpppc SrC 

EBRCR k’O 

201 

p SMf L?P = 

0.5 

1051 

Oir 

20 

2.F7ei 

5 

6 

5 

l?52 

1953 

36.0 

1966 

195.0 

237.2 

20? 

pmpy.sf!S 

8.9 

195T 

JUN 

1 1 

3.0771 

5 

6 

6 

1953 

1959 

“2.4 

1968 

15,5 

’3,3 

203 

Pf'^OF Jfi 

10.2 

1951 

DEC 

20 

2.7382 

5 

6 

4 

1954 

1958 

36.0 

1060 

2''8, 0 

351,3 

20^ 

KALL TSTO 

10,3 

1951 

OFC 

20 

2.6711 

5 

6 

5 

1952 

195 8 

144.0 

1967 

753.0 

912.0 

’OS 

M&BTHf 

n .5 

1955 

f'PV 

23 

2.7764 

2 

B 

14 

1925 

1957 

15.0 

1967 

36,9 

47.5 

206 

HCPRTLIA 

10,0 

1951 

OFF 

20 

2.7408 

5 

6 

5 

1952 

1058 

90c0 

1968 

47?, 9 

597.9 

20T 

MFODA 

ll .0 

1957 

JUN 

11 

2.2842 

5 

6 

6 

1948 

196 2 

4.5 

1969 

IP.O 

16,8 

208 

LAroiMrSA 

10.5 

194 7 

JAN 

15 

2-8919 

5 

6 

6 

1950 

196 1 

“30,3 

I960 

133, f 

183, 3 

20‘> 

DTPO 

9.1 

1042 

Au:; 

29 

3. 1567 

5 

6 

6 

! 94 6 

1961 

21,2 

1969 

91,2 

142,6 

210 

ISAPFLU 

13.6 

1956 

Nnv 

23 

2.7222 

2 

8 

9 

1935 

1959 

-5.8 

1969 

19,3 

24.1 

211 

I SOL DA 

0.0 

1957 

JUN 

U 

3.0395 

5 

6 

6 

1052 

1°60 

5.3 

1060 

22,7 

33. 5 

212 

»^FOFe 

9.5 

1957 

JUN 

11 

3,1202 

5 

6 

5 

1952 

1961 

60,2 

1965 

17 ?. 9 

267.2 

713 

LTLAFA 

10. 0 

1057 

JUN 

ll 

2.7522 

5 

6 

5 

1953 

1958 

-0,4 

1969 

44, 1 

56, 0 

214 

ASCHFPA 

10,4 

1052 

of: 

2 

2.6115 

5 

6 

9 

1948 

1966 

3.0 

1966 

11.4 

13.3 

215 

ocvpmF 

10,9 

1064 

SEO 

2 

2,7656 

2 

e 

10 

1942 

1964 

-4.0 

1969 

14,2 

13.2 

216 

KLECPA70A 

8.1 

1033 

Aur, 

16 

2.^920 

2 

8 

0 

-0 

-0 

2.^ 

lOf.6 

333,6 

433,5 

217 

EunrR A 

11. 1 

1957 

JUN 

11 

2.8713 

5 

6 

4 

1948 

1953 

22.1 

I960 

126.3 

171.3 

21B 

9TAMC A 

9.9 

1951 

npC 

20 

2.6655 

5 

6 

5 

19 53 

1958 

-180,0 

1967 

1125.0 

1358. 1 

21Q 

THU5NFL0A 

10.4 

1951 

df: 

20 

2.3541 

5 

6 

4 

1952 

1959 

360.0 

1966 

1706.9 

1675.3 

220 

SIFTHANIA 

12 .4 

196? 

OFF 

2 

2.3493 

5 

6 

5 

1932 

1966 

-6.0 

I960 

1 6, 4 

16.0 

221 

F'^S 

9.0 

1947 

JAN 

15 

3,0135 

5 

.6 

10 

194'* 

1962 

30.5 

1964 

lO"^. 1 

156,3 

222 

LUCt A 

10.4 

1951 

DEC 

20 

3. 1469 

2 

8 

22 

1 899 

1961 

178,2 

1968 

307,2 

470.0 

223 

pnsA 

11 .1 

1957 

JUN 

11 

3.0931 

5 

6 

4 

1931 

195 3 

-6, 6 

1966 

22.3 

33.8 

224 

OCEANA 

9.9 

1051 

oe: 

20 

2.6446 

5 

6 

5 

1953 

1959 

36.0 

1969 

201,1 

239. 7 

225 

HFNP TfTTA 

9.6 

1957 

JUN 

ll 

3.3475 

5 

6 

5 

1946 

1955 

1.2 

1965 

10-6 

18.0 

226 

HCtiT>,-niA 

11.1 

1955 

ATV 

23 

2.7153 

2 

8 

10 

1921 

1957 

4.7 

1966 

16. 5 

20.5 

22"» 

PHUOSOPHIA 

10.2 

1951 

OEF 

20 

3.1349 

5 

5 

6 

1940 

1953 

14 4.0 

1967 

440.3 

601.3 

228 

eoatHF 

14.0 

1957 

JUN 

11 

2.2012 

5 

6 

K 

1044 

1959 

3.0 

1967 

15.5 

13.5 

220 

A DEL T^JDA 

10.5 

1962 

DEC 

2 

3 . 3 OP 6 

5 

6 

10 

19 30 

1963 

4.1 

1968 

12.5 

21.7 

230 

A'^HA MAMTIS 

a .6 

1966 

JUN 

4 

7.3825 

2 

8 

14 

1941 

1966 

7,0 

1967 

17.3 

17.3 

231 

VtNDOpPMA 

10.6 

1962 

DEC 

2 

2.0215 

5 

6 

9 

1942 

1065 

5-1 

1«66 

14. 3 

20.6 

232 

PUSS TA 

11.6 

1951 

OFC 

20 

2. 5523 

5 

6 

4 

1953 

1958 

270.0 

1966 

1683.3 

1893.8 

233 

acTFPPnc 

9,6 

1956 

NOV 

23 

2.6603 

2 

S 

21 

1921 

1958 

18.6 

196 7 

42.8 

51.4 

234 

BA^BAPA^ 

10.4 

I960 

JAN 

7 

2.3853 

5 

5 

5 

1948 

1955 

270.0 

1068 

1086.9 

1091,3 

235 

f ADH^TMA 

0,9 

1957 

JUN 

ll 

2-8809 

5 

6 

4 

1954 

1960 

-10.7 

I960 

46.2 

63.0 

236 

H^NPCTA 

9.6 

1957 

JUN 

ll 

2.7982 

5 

6 

5 

1953 

1959 

-1 1.6 

196° 

40,6 

64.6 

237 

rnpi F5T1NA 

10.8 

1039 

JAN 

24 

2. 7627 

5 

6 

7 

1 939 

196 1 

-9.5 

1963 

51.1 

65.3 

738 

HVOATl A 

9.3 

1957 

JUN 

11 

2.9065 

5 

6 

8 

1951 

1963 

-4.5 

1969 

17,4 

24,1 

230 

ApOA STFA 

11.8 

195'^ 

JUN 

11 

2.0687 

5 

6 

4 

1049 

1956 

21.0 

1066 

87.0 

125.3 

2A0 

VANA nts 

9.8 

1951 

DEC 

20 

2.6658 

5 

6 

5 

1953 

1958 

72.0 

1966 

455.4 

540.9 

2Al 

GFOMAPT a 

•0.8 

1938 

DEC 

a 

3.0481 

2 

8 

59 

1884 

l®64 

10.7 

1969 

20. 0 

43.1 

242 

KOTEt^HILD 

10.6 

1957 

JUN 

II 

2, 8651 

5 

6 

5 

1954 

1961 

-30.3 

1966 

132.8 

170.5 

243 

TDA 

11.2 

1947 

JAN 

15 

2.8608 

5 

6 

5 

1952 

195 7 

-48.3 

1966 

376.9 

508.3 

2 44 

S!TA 

13.4 

1062 

OFC 

2 


5 

6 

4 

1942 

1953 

4.5 

196° 

21.4 

18,3 

245 

ycoj 

9,7 

1957 

JUN 

ll 

3.1009 

5 

6 

9 

1951 

1964 

7.5 

1969 

23.4 

35.7 

2 46 

ASPrptMA 

9,9 

1951 

OFC 

20 

2.6951 

5 

6 

5 

1952 

1957 

36.0 

1966 

225. 0 

276. 4 

247 

EJKOATF 

0.2 

1047 

JAN 

15 

2.^402 

5 

6 

7 

1950 

1960 

14.1 

1969 

70.6 

89. 1 

748 

L »*^Ft A 

11 .5 

1962 

OFC 

2 

2.4717 

5 

6 

6 

1940 

1963 

-6,0 

1967 

17*6 

18.7 

249 

TtSF 

12.5 

1962 

DEC 

2 

2.3777 

5 

6 

6 

1050 

1962 

8-1 

1950 

25.2 

25.1 

250 

BFTTINA 

8.8 

1946 

JUL 

28 

3. 1403 

5 

6 

7 

1952 

1962 

14-6 

1969 

71.8 

111.5 
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STftTtJS TF'NUMpePFD F® H E ■'••‘^F ^ 05 S 


^l||Mn PO 

N4'*F 

MpTE ARWAtr; 

EPOCH 


A 

PLANETS 

OOPPSI TI 

^NS 

RE SinUAL 

LAST 

cpci^D $cr 

gpprp km? 


?5l 

FnoMt iR 

U.3 

196’ 

DEC 

2 

3.0956 

5 

6 

4 

1949 

! 956 

-1.5 

1 966 

11.1 

16.9 


’52 

>^^cMcv:TtN& 

10.6 

195S 

NOV 

23 

3.1546 

2 

8 

15 

1922 

I 05 R 

40.3 

1969 

0.3.0 

' I’O.T 


253 

WBTHlLOt 

tl.5 

1951 

DEC 

20 

2. 6474 

5 

6 

6 

1 951 

1957 

144.0 

1963 

729.1 

■ 870.5 


?5<» 

BUOHSTft 

13.7 

1957 

JUN 

11 

2.1950 

5 

6 

6 

I 951 

1961 

-5.7 

1 '56 3 

23.2 

' 20.1 


255 


11.5 

1057 

JUN 

11 

2.7662 

5 

6 

6 

1951 

1956 

-6.8 

1969 

39.3 

50.3 


256 

HiLPUPnft 

11. 1 

1965 

JUN 

29 

2.9995 

2 

8 

8 

19 35 

1966 

7,5 

1966 

17.4 

’5.3 


25T 

SILF SIB 

10.2 

1957 

JUM 

11 

3.1217 

5 

6 

9 

1930 

1942 

4.5 

1060 

15. 3 

23.5 


?58 

Tyrpe 

9.6 

1951 

DEC 

20 

2.M43 

5 

6 

5 

1953 

1959 

360.0 

1969 

1929. 1 

2257.1 


259 

BIFTHEIB 

9.7 

1957 

JUN 

ll 

3.1357 

5 

6 

8 

19V0 

1959 

5.4 

1969 

21.4 

33.1 


260 

HUPE® Tfl 

10.6 

1967 

JAN 

15 

3.6499 

5 

6 

6 

IP50 

1058 

26.6 

1960 

142.0 

252. 1 


261 

pDYMNf* 

10,6 

1966 

SEP 

22 

2.3309 

2 

0 

13 

1 934 

1966 

5 .6 

1967 

i5.6 

15,1 


’62 

V4LPA 

12.8 

1956 

NOV 

23 

2.5553 

2 

8 

6 

1924 

1957 

6.3 

1961* 

20, 2 

22.7 


263 

09FSDA 

11,7 

1956 

NOV 

23 

2. 8064 

2 

8 

13 

1923 

1958 

6.3 

1949 

19.3 

26.4 


’66 

1 

10 .0 

1962 

DEC 

2 

2.7993 

5 

6 

7 

1947 

196 1 

-7,7 

1969 

23.2 

30.3 


265 

4MMB 

12,8 

1032 

FE3 

5 

2.4206 
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NOTE AR*'.ar7 

EP<^C4 


A 

PLANE TS 

riD 

POS^T 


®ESIPUAI 

L? ST 

cCQnp err 

PBor® K^3 

501 

JPHTXTDU® 

10-2 

1951 

DE^ 

20 

3.1518 

5 

5 

6 

1931 

1951 

“288.0 

19^3 

742.7 

U58.2 

50? 

SinuNF - 

12.3 

1961 

JUL 

25 

2.38‘»6 







1962 

3 00.0 

300.8 ESTIMATED 

503 

EVEl YN 

10.3 

1567 

JAN 

15 

2.7230 

5 

6 

7 

l®50 

1060 

-10. 1 

1969 

53,5 

66.8 

504 

A 

11. 1 

I960 

JAN 

7 

2.7213 

5 

5 

6 

1951 

1956 

-7.? 

1969 

fO.9 

51,0 

505 

:ava 

10. 1 

1955 

NPV 

23 

2.6866 

2 

0 

13 

1916 

1959 

-09.8 

1969 

1^0.6 

208.3 

506 


® .6 

1967 

JAN 

15 

3.0649 

5 

6 

7 

1951 

1962 

-7o5 

1969 

40.8 

60.5 

507 

LAr»t)Trft 

10.6 

1962 

OEC 

2 

3.1530 

5 

6 

10 

1938 

1965 

-3,0 

1968 

10.6 

16.6 

505 

pPTNCFTPNIfi 

9. 5 

1®67 

JAN 

15 

3.15®7 

5 

6 

f 

1 068 

1060 

9,0 

106® 

42.3 

66.2 

5 09 

THLANPA 

9.8 

1962 

PEC 

2 

3.0619 

5 

6 

7 

1942 

1966 

5.7 

1969 

16.0 

?3 ,9 

510 

>*ftpPLl fi 

n .0 

1951 

OEC 

20 

2.6088 

5 

6 

5 

1953 

1950 

360,0 

1969 

2241, 1 

2613. 3 

511 

OAVI pA 

7,1 

lOS'^ 

JUN 

n 

3. l«O0 

5 

6 

9 

1950 

1961 

2.0 

1969 

11.7 

1 a 0 6 

512 

T«UPT»'FNS»S 

12 .2 

1962 

DEC 

2 

7.1893 

5 

6 

5 

1932 

1958 

6,8 

1968 

16.5 

1 4 » 2 

513 

CFMTFSTVft 

10.6 

l®5l 

DEC 

20 

3.0131 

5 

5 

6 

1063 

1953 

61,2 

1060 

216,5 

315. 9 

5 If 

AP'^IDf 

10.3 

1951 

OEC 

20 

3.0508 

5 

5 

6 

1939 

1952 

-180,0 

1967 

562,2 

835.7 

515 

ATHAU A 

U-9 

1903 

SEP 

3 

3.1239 

2 

8 

e 

1903 

1966 

3,7 

1969 

30.9 

47.6 

516 

amhfpstia 

9.5 

1961 

JAN 

6 

2.6780 

2 

6 

10 

1937 

1959 

“32.6 

1969 

1 10 - 0 

122- 7 

517 

FDITH 

10.5 

1962 

OFC 

2 

3,1377 

5 

6 

10 

1931 

1963 

6.9 

196® 

17.6 

2T .3 

518 

HA10WF 

, 12.3 

1951 

DEC 

20 

2.5375 

5 

6 

4 

1963 

1959 

360.0 

1061 

864.3 

963 . 1 

519 

SYLVAK'IA 

10.3 

196 7 

APR 

20 

2.7886 

2 

8 

13 

1956 

1967 

5.2 

1968 

14.6 

19.0 

570 

PRAM7T 5KA 

n -9 

1962 

DEC 

2. 

3 -0079 

5 

6 

6 

1962 

I960 

-9,0 

I960 

20. 3 

29.6 

521 

PRIXTA 

10.0 

l®5l 

oe: 

20 

2. "603 

5 

.6 

4 

1952 

1959 

360 .0 

1966 

I70t.0 

2151.9 

522 

HElOfi 

t 10.0 

1962 

OEC 

? 

3.62B3 

5 

6 

Q 

1939 

1963 

“3,6 

1968 

11.8 

22.4 

-523 

AOA 

10.7 

1957 

JUN 

11 

2.9622 

5 

6 

8 

1069 

1966 


1069 

1 6. 6 

23.6 

52f 

FIDFLTP 

10.9 

1951 

DEC 

20 

2.6361 

5 

6 

5 

1952 

1950 

72,0 

1967 

301.1 

45 1,9 

525 

eOELATOE 

13.2 

1957 

JUN 

ll 

2.2653 

2 

6 

3 

1908 

1957 

-3.6 

I960 

14.7 

13.3 

526 

JENA 

10.9 

1962 

PEC 

2 

3.1266 

5 

6 

7 

1036 

1963 

-2,7 

1968 

10,3 

15 , a 

527 

FUPYANTMP 

U.6 

1951 

OEC 

20 

2,7236 

5 

6 

5 

1953 

1961 

90.0 

1966 

402.7 

503.0 

528 

PE71 A 

9.9 

1968 

JUL 

28 

3.3963 

5 

6 

8 

1051 

1962 

11-3 

1069 

54. 0 

93,6 

5 29 

PRP7trS A 

U.l 

1950 

AUO 

27 

3.0196 

5 

6 

5 

1951 

1961 

-15.2 

1967 

66.5 

97,3 

530 

TURANOnr 

10. 0 

1969 

SEP 

1 

3.2176 

5 

6 

5 

1950 

1957 

6.7 

I960 

32.2 

51.6 

531 

7FRL INA 

12.3 

l®06 

APR 

30 

2. 7068 

2 

6 

2 

1006 

19 55 

6.1 

1955* 

33,8 

4 3,8 

532 

HERTULINA 

8.0 

1935 

OFC 

26 

2.7728 

2 

8 

0 

-0 

-0 

1 ,6 

1968 

232,6 

293.8 

533 

SARA 

11.2 

1957 

JUN 

ll 

2.9822 

5 

6 

6 

1968 

1950 

-2.6 

l°67 

14.4 

20.6 

536 

NASS'^VIA 

ll.O 

1962 

OFC 

2 

2.8063 

5 

6 

10 

1920 

1960 

-7.6 

1969 

17.4 

2 3.7 

535 

MnpTAGUE 

10.5 

1951 

OEC 

20 

2.5687 

5 

5 

6 

1963 

l°53 

166.0 

1966 

498.8 

567.2 

536 

ME® A **! 

0.6 

1047 

JAN 

15 

3.5067 

5 

6 

5 

l°5l 

1059 

-5,6 

1969 

37.6 

68. 3 

537 

PAULY 

10 .1 

1951 

DEC 

26 

3.0609 

5 

5 

6 

1966 

1952 

-lOB.O 

106 8 

5 30.4 

795.3 

538 

P®TEOr®IKF 

10.6 

1951 

PEC 

20 

3.1665 

5 

5 

6 

1930 

1953 

-108.0 

1069 

310, 6 

4® T, 3 

53® 

p iv»NA 

11 .1 

l°5l 

OEC 

20 

2. 7390 

0 

0 

5 

1961 

1956 

166.0 

I960 

383.3 

40 3.1 

560 

RCSAMUNOF 

12.2 

1957 

JUN 

11 

7.2180 

5 

6 

7 

1968 

1966 

9.0 

1967 

27.9 

24-6 

561 

DE?PPAH 

11.3 

l®5l 

OEC 

20 

2.8152 

5 

6 

5 

1055 

1061 

360.0 

1966 

2040. T 

26*5.4 

562 

SUSANNA 

10.3 

1962 

DEC 

2 

2-9061 

5 

6 

6 

1962 

1966 

6.1 

1967 

13.2 

10-2 

563 

CHAPLOTTF 

10.6 

1966 

APR 

5 

3.0591 

2 

6 

16 

1935 

1966 

- 5,1 

1 966 

1 3. 0 

1®. 4 

566 

J®TT A 

11.3 

1951 

OEC 

20 

2.5913 

5 

6 

5 

1952 

195 7 

7.2 

1967 

52.4 

60.4 

565 

MFSSALTNA 

9.5 

1957 

JUN 

ll 

3.1715 

5 

6 

7 

1950 

I960 

-3.6 

1966 

16.3 

25.7 

566 

HEPPOTAS 

L0.8 

1951 

DEC 

20 

2.5966 

5 

6 

5 

19 53 

1050 

2"0.0 

1967 

1683.2 

I94T , 9 

567 

P® AX®OTS 

10.9 

1956 

NOV 

23 

2.7766 

2 

a 

12 

1906 

195 7 

“25.0 

I960 

52.2 

67.2 

566 

KRESSlOA 

12.6 

1928 

OCT 

1 

2.2821 

2 

8 

20 

1906 

1962 

-26.8 

1969 

63. 2 

50.0 

569 

JESSONOA 

Ll .8 

1962 

DEC 

2 

2.6825 

5 

6 

6 

1936 

1950 

IBO.O 

1969* 

390.3 

476. 0 

550 

SENTA 

10.6 

1951 

OEC 

20 

2.5809 

5 

6 

5 

1952 

1958 

-72o0 

1969 

381.2 

439*0 
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STATUS HF* mUMPP>:fD 



^UVBref 

»! Amc 

NOTE 


EOPCH 


A • 

PL AM 


551 

P9TFU9 

10.5 

1957 

JUN 

11 

2.9705 

5 


552 

SIGCLlNnE 

10.4 

1051 

ne: 

20 

3.1 531 

5 


553 

KU'^DRY • 

13.5 

1967 

SFO 

7 

2.2309 

2 


5 54 

PFPAOA 

9.5 

1965 

JUM 

9 

2.3751 

2 


555 

MOOMi 

11.7 

1968 

MAY 

4 

3. 1564 

2 


556 

phyllt S 

10.6 

1951 

DEC 

20 

2.4668 

5 


557 

VIOIFTTA 

13.1 

1951 

OFC 

20 

2.4414 

5 


558 

r.bpff fn 

10.1 

1957 

JUN 

11 

2.90P0 

5 


55<) 

NA^:c^’ 

10.6 

1951 

DEC 

20 

2.7146 

5 


560 

OELUfi 

11.8 

1957 

JUM 

11 

2. 7502 

5 


561 

INGWPLOE 

12.0 

1951 

DEC 

20 

3.1613 

5 


562 


10.9 

1947 

JAM 

15 

3.0185 

5 


563 

SULEIK6 

9.6 

1951 

DPC 

20 

2.7126 

5 


5 64 

DUPU 

11.0 

1962 

DEC 

2 

2.7469 

5 


565 

MAteACHTi 

12.1 

1951 

DEC 

20 

2.4413 

5 


566 

STFCPPSKHPIA 

9.2 

1967 

JAN 

15 

3.3855 

5 


567 

ELEl'THPPtA 

10.5 

1951 

DEC 

20 

3.1520 

5 


560 

CHFCuSKIA 

10.4 

1957 

JUN 

11 

2.8856 

5 


564 

"T5B 

10.9 

1962 

ner 

2 

2.6570 

5 


570 

KYTHFOf 

lO.l 

1962 

DEC 

2 

3.4444 

5 


571 

DULC 1^’EA 

12.9 

1951 

DEC 

20 

2.4110 

5. 

> 

572 

9EPEKKA 

11.9 

1951 

DEC 

20 

2.4009 

5 

1 

573 

PECHA 

10.8 

1951 

DEC 

20 

3.0119 

5 

£» 

574 

^egtnhtIo 

13.8 

1962 

DEC 

2 

2.2527 

5 


5T5 

9ENATF 

12.4 

1951 

DEC 

20 

2.5535 

5 


576 

fhahueia 

10.7 

1947 

JAN 

15 

2.9809 

5 


577 

9MFA 

10.8 

1936 

DEC 

29 

3.1115 

2 


570 

MAPPELIA 

10.5 

1967 

MAP 

U 

2. 7489 

2 


5 79 

Slnr*Mi A 

9.4 

1947 

JAN 

15 

3.0145 

5 


500 

SELENE 

ll-O 

1957 

JUN 

11 

3.2234 

5 


581 

TAUNT^NIA 

11.0 

1951 

DEC 

20 

3.7170 

5 


582 

PLYMPTA 

10.5 

1957 

JUN 

11 

2.6111 

5 


503 

klcttloe 

10.4 

1957 

JUN 

11 

3.1083 

5 


584 

Sc»-T«>A^IS 

10 .0 

1957 

JUN 

11 

2.3734 

5 


505 

8 UK!S 

11.5 

1951 

DEC 

20 

2.4314 

5 


5 86 

> THEKLA 

10.4 

1962 

DEC 

2 

3.0415 

5 


507 

HYPSTPYLE 

13 .6 

1962 

DEC 

2 

2.3346 

5 


508 

ACHRLES 

9.4 

1948 

AU3 

7 

5.2112 

5 


5 89 

fPflATtA 

10. 1 

1962 

DEC 

2 

3.1300 

5 


590 

TCMypis 

U.2 

1951 

DEC 

20 

3.0003 

5 


591 

tPMRAPO 

U.9 

1951 

DEC 

20 

2.6784 

5 


592 

0 ATMSEPA 

10.6 

1962 

DEC 

2 

3.0240 

5 


593 

MTANTA 

10.5 

1951 

DEC 

20 

2.6980 

5 


5 94 

M1'>FILLE 

13.8 

1949 

SFo 

1 

2.6307 

2 


595 

P'^lYXENA 

9.3 

1057 

JUN 

11 

3.2092 

5 


596 

SPHEUA 

9.8 

1947 

JAN 

15 

2.9301 

5 


597 

PAN0U5TA 

10.8 

1947 

JAN 

15 

2.6721 

5 


5 98 

octavta 

9.9 

1951 

DEC 

20 

2. 7635 

5 


599 

LUISA 

10. 1 

1951 

DEC 

20 

2.7750 

.5 . 


600 

•'USA 

11.4 , 

1951 

DEC 

20 

2.6586 

5 


»LANET E=’HFME-tpfs 


FTS 

norrs TT TOMC 

=»ESIOUA|. 

LA F7 

err 

PORCfi k^3 

6 

8 

1931 

1958 

R.4 

1969 

“i : 

-25.0 

34.2 

5 

6 

IC 3 Q 

1953 

-154.0 

1968 

519.7 

654.9 

8 

6 

1932 

196 7 

- 6.8 

1967 

16.2 

14.4 

8 

14 

193S 

1065 

3.9 

.. 19 69. 

. 12.2 

12.2 

6 

6 

1931 

1968 

- 6.8 

1968 

15.7 

23.0 

6 

6 

1952 

I960 

90.0 

1969 

392.0 

416.7 

6 

4 

1049 

1955 

252.0 

1967 

1185.5 

1238.6 

6 

7 

1951 

196 2 

-3.2 

1969 

14,8 

20.4 

6 

5 

1954 

1959 

100.0 

1969 

U60. 9 

1442.7 

6 

4 

1 947 

1957 

7.7 

1969 

30.2 

38.3 

5 

5 

1927 

1953 

-685.0 

1965* 

1534.1 

2403.1 

6 

4 

1°51 

1959 

-9.0 

1969 

55.6 

■ 61,4 

6 

5 

1955 

1959 

-72.0 

1969 

469.7 

5B3.1 

6 

6 

1958 

1965 

3.6 

1969 

12. 7 

16. 1 

6 

4 

1954 

1959 

36.0 - 

1968 

.239,9 

250.7 

6 

e 

1950 

1962 

3.0 

1969 

20.5 

35.5 

5 

6 

1044 

1952 

72. 0 

1968 

296.2 

462, 1 

6 

4 

1952 

196 2 

-107,9 

1969 

287.5 

392.7 

6 

9 

1949 

1962 

8.8 

1969 

26.1 

31.4 

6 

10 

1931 

1962 

3.3 

196° 

11.2 

19, e 

6 

4 

1950 

1959 

72.0 

197u 

201.6 

288.0 

6 

4 

1949 

1956 

72.0 

1963 

31».2 

323.1 

5 

6 

1939 

1952 

-155.0 

1967 

451,5 

658.4 

6 

5 

1947 

1966 

3.9 

1966 

13.7 

12.4 


6 

4 

1953 

1958 

36.0 

1966 „ 

232.5 

261.7 

6 

6 

1951 

1961 

10,5 

1967 

55,8 

B0.4 

e 

9 

1005 

1954 

-43.9 

1966 

05,3 

145.8 

a 

9 

1941 

1967 

6.3 

1969 

14.9 

18.9 

6 

8 

1°50 

1962 

-3.2 

1969 

21.8 

31.8 

6 

5 

1942 

1961 

-0,1 

19651 

*23.6 

38.1 

5 

4 

1941 

1951 

10,0 

196!*^ 

47.1 

“ 75.6 

6 

5 

1950 

1959 

7.P 

19 66 

24.6 

20.7 

6 

4 

1955 

1955 

2.1 

-1967- 

13.3 

1 21.1 

6 

4 

1954 

1962 

4.5 

1969 

21.3 

* 21.2 

6 

4 

1°52 

1959 

216.0 

1968 

1027.9 

I 1066.4 

6 

10 

1930 

1966 

-2,8 

1969 

10. 1 

14.9 

6 

5 

1^38 

195T 

90.0 

I960* 

214. P 

' 207.7 

6 

9 

1906 

1931 

-4,7 

1967 

22.5 

60.7 

6 

5 

1951 

1964 

3.2 

I960 

12.2 

16.9 

5 

6 

1944 

1°54 

144.0 

1965 

403.6 

, 701,2 

6 

5 

1951 

1959 

180.0 

1969 

751,5 

914.2 

6 

4 

1951 

1965 

7.1 

1966 

19.6 

28.8 

6 

c 

1952 

1957 

lOB.O 

1966 

656.9 

808.5 

8 

3 

1906 

1936 

-49.5 

1965 

“143.3 

160,4 

6 

c 

1942 

I960 

5.9 

1969 

19.4 

31.0 

6 

6 

1951 

1962 

9.9 

1968 

51.1 

71.4 

6 

6 

19BI 

1962 

-6.6 

196P 

37 . 8 

45.8 

6 

5 

1951 

1950 

180.0 

1967 

83U7 

1063.0 

6 

4 

1952 

1958 

108.0 

1967 

566.8 

, 729-2 

6 

5 

1953 

1959 

■'2.0 

1968 

393,0 

472.5 
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I 3 


^xrvspp 

NA«F 

MPTE ABM AG 


F®PC H 


A 

plane T5 

r>DpCC] TICNE 

RF SinUAL 

Lf ST 

ERPr-J 

fOOfT' K«.»3 


601 

NPRTHU5 

10,4 

1923 

JUM 

30 

3. 1345 

5 

5 

10 

1923 

1955 

645,0 

1967 

1980.0 

3063.3 


60? 

MAP! arMi 

9,7 

1947 

JAN 

15 

3 ,0Pfl4 

5 

6 

8 

1951 

1963 

*•3.0 

1 969 

21.2 

32,0 


603 

TT^’CNOPa 

13,6 

1906 

WA® 

1 1 

2,5518 

2 

P 

2 

1906 

1051 

-6,1 

1051 * 

40,9 

46,0 


6 06 

TEKMESSA 

10,3 

1957 

JUN 

ll 

3.1667 

5 

6 

7 

1951 

1960 

2.1 

1968 

12,7 

19,9 


605 

JUVI S!A 

10,6 

1962 

n®c 

2 

2,9996 

5 

6 

6 

1939 

1961 

- 8.6 

1967 

22.6 

32, 8 


506 

B*»AFGANC 

U ,6 

1951 

of: 

20 

2.5862 

5 

6 

4 

1952 

1956 

-36c0 

1953 

261,2 

300,3 


607 

JENNY 

10,9 

1947 

JAN 

15 

2.8515 

5 

6 

5 

1950 

196? 

-9,0 

19 69 

44.3 

59,4 


605 

Ap^'t P!NE 

U .9 

1942 

JUL 

20 

3.0259 







1969 

300,0 

440,5 

esttwateo 

6 09 

EULVTA 

11.3 

1962 

DFC 

2 

3.0873 

5 

6 

5 

1948 

1965 

2,7 

1 969 

10.6 

16,0 


610 

VAl'^SKA 

13 ,3 

194 2 

HAY 

1 

3.0797 







19579 

3 00.0 

452.2 

ESTIHATEO 

611 

VALF® TA 

10,6 

1957 

JUN 

ll 

2. 9*^80 







1967 

300,0 

430 , 1 

ESTf^ATEO 

612 

VForNiKA 

L 12 ,4 

1906 

nrr 

17 

3.1389 

2 

8 

1 

1996 

1906 

7,2 

1912* 

640030.0 

992171.0 

LOST 

613 

PiTNEVPA 

ll .0 

194»7 

JAN 

15 

2.9109 

5 

6 

8 

1951 

I960 

12,5 

1966 

69. 4 

96. 6 


61<^ 

PTA 

12,1 

1962 

OF" 

2 

2.6927 

5 

6 

4 

1 949 

1957 

1 ,4 

1 068 

TO. 5 

17.9 


615 

PnSWTTHA 

11,3 

1951 

0®C 

20 

2 .6313 

5 

6 

5 

1952 

1957 

144.0 

1969 

873. 1 

1032«3 


616 

FLIY 

11.7 

1951 

DEC 

20 

2.551° 

5 

6 

5 

1955 

1961 

450,0 

1962 

2559,3 

2878.7 


61? 

PATPPrLUS 

9.2 

1949 

AUG 

7 

5,2060 







1965 

3 00,0 

914.7 

ESTlMflTEO 

618 

FLFoifne 

9,6 

1957 

JUN 

11 

3.1B43 

5 

6 

8 

1®51 

1962 

4.4 

196° 

17, 4 

27. 6 


61® 

TPTBErna 

11.2 

1962 

DFC 

2 

2,5195 

5 

6 

7 

1946 

1958 

4.5 

1969® 

18,0 

19.8 


6?0 

nPAKPNT A 

12-5 

1951 

PFC 

20 

2,4352 

5 

6 

5 

1950 

1959 

72,0 

196? 

281,6 

292,9 


621 

WF»PANPI 

11. B 

1^62 

of: 

2 

3,1191 

5 

6 

5 

1050 

1^50 

-4.2 

1969 

68,3 

105,0 


622 

ESTHFP 

11,8 

1951 

DFC 

20 

2,4143 

0 

'o 

6 

1945 

1955 

-252.0 

1969 

816,0 

836-5 


623 

CMI vaepA 

11,5 

1951 

DFC 

20 

2.4591 

5 

6 

4 

1954 

1959 

36.0 

1966 

239, q 

253,7 


626 

HFKTPo 

8.7 

1949 

AUO 

7 

5, 1211 







1969 

300.0 

896.1 

ESTINATEO 

625 

XENIA 

U,l 

1951 

OFC 

20 

2.6470 

5 

6 

4 

1951 

1956 

90.0 

1969 

531,1 

633.9 


626 

NPT«mjQGA 

10. 1 

1962 

DEC 

2 

2.571® 

5 

6 

o 

1053 

1967 

-9,0 

1967 

22,6 

25, 8 


627 

CHAt ts 

11 . 1 

1951 

DEC 

20 

2.9003 

5 

5 

6 

1940 

194 9 

-72.0 

I960 

304,6 

419.5 


628 

CHPI FTTNE 

10,5 

1951 

DEC 

20 

2,5810 

5 

6 

4 

1953 

1958 

-72.0 

1966 

455, 6 

522. 1 


52<? 

RCRNAPOINA 

10,9 

1966 

PCT 

22 

3. 1200 

2 

8 

5 

1935 

1966 

-6.0 

1969 

15,9 

24,4 


630 

FUPHEN! A 

12,5 

1969 

JUL 

23 

2.6245 

2 

8 

6 

19 30 

1968 

-6.6 

1 968 

14.7 

17,3 


631 

PMU TPPINA 

10, 2 

1956 

NOV 

23 

2. ''913 

5 

5 

6 

1920 

1930 

*^2.0 

1060 

■ 417.8 

54 2,4 


632 

pyoDHA 

13.3 

l«5l 

DEC 

20 

2.6630 

5 

6 

4 

1951 

1059 

72,0 

1969 

306,0 

360,9 


633 

ZELl^A 

11 .1 

1962 

DEC 

2 

3,0170 

5 

6 

7 

1949 

1959 

6,0 

1969 

22,2 

32.5 


63<? 

UTF 

11,1 

1962 

DEC 

2 

3.0444 

5 

6 

6 

1932 

1959 

3,5 

1969 

12,4 

18.4 


635 

VUNDTTfl 

10,1 

1962 

DEC 

2 

3,1341 

5 

6 

8 

1939 

1964 

1 1 .6 

1967 

26,7 

41,2 


636 

EP!YA 

10.7 

1951 

DEC 

20 

2.9101 

5 

6 

4 

1 953 

1957 

-36,0 

1960 

269,6 

373.2 


637 

CHOVSOTHEMIS 

12.0 

1957 

JUN 

ll 

3.1532 







1969® 

300,0 

466.2 

ESTIHATEO 

638 


11 .1 

1956 

NOV 

23 

2.7357 

2 

8 

9 

1925 

1957 

-4.1 

1968 

15,5 

19.5 


639 

1 A TON A 

9.4 

1962 

DFC 

2 

3.0192 

5 

6 

10 

1941 

1965 

-?.l 

10 67 

9. 2 

13,4 


640 

BRAVPTLL A 

10.4 

1«>62 

DEC 

2 

3, 1665 

5 

6 

5 

1950 

1964 

-8.6 

1968 

23, 1 

36,3 


641 

AONF? 

13.7 

1962 

DEC 

2 

2,2194 

5 

6 

4 

1932 

I960 

.8 

1966 

8,1 

7,3 


642 

CLAPfi 

10. 8 

1962 

DEC 

2 

3.1715 

5 

6 

5 

1930 

196? 

-6.6 

1069 

I**.! 

26,9 


643 

EPHFHEPEZADE 

10.6 

1962 

DEC 

2 

3.3454 

5 

6 

6 

1930 

1957 

-4.5 

1967 

14.5 

24.7 


644 

COS! HA 

11 .8 

1962 

DEC 

2 

2.5993 

5 

6 

7 

1926 

1969 

- 3.3 

1969 

11. 5 

13.3 


645 

Ar,PT PPtNA 

U.l 

1962 

DFC 

2 

3.1798 

5 

6 

B 

1930 

1964 

9.5 

1968 

21.8 

34,4 


646 

KASTAt!A 

U.3 

1953 

AUG 

ll 

2.3251 

2 

8 

4 

1937 

1964 

-34.5 

1964 

71,9 

69,0 


647 

AOEtOUNDE 

12.7 

19 51 

DEC 

20 

2,4444 

5 

6 

4 

1940 

1962 

270,0 

1964 

8 19,5 

858,0 


649 

PTPPA 

10,0 

1957 

JUN 

ll 

3.1718 

5 

6 

7 

1941 

1963 

-5.9 

1969 

17.9 

28,2 


64S 

jnSEFA 

14.2 

1951 

DEC 

20 

2,5505 

5 

6 

2 

. 1952 

1956 

9.6 

1967 

76,5 

85,9 


650 

AMALAEUNTHA 

13 .6 

1907 

SEP 

22 

2.4577 

2 

6 

7 

1907 

1953 

51 ,5 

1968 

173 . 1 

182, 8 
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I A 


NU'^'^F'=> 

M4MF 

NCTF A^WAG 

FP'^r.H 


. A 

planf ts 

DP 

PPS”'! 

•'NS 

7 E sinuil 

LAS'' 

cponp <-r 

fDorp KM3 

651 

ANTTKl ETt 

U .2 

1962 

DEG 

2 

3.0744 

5 

6 

0 

1928 

1964 

~6 .0 

1964 

15.7 

23.1 

652 

JU8U ATRIX 

12.4 

1962 

OFC 

2 

2.5554 

5 

6 


193*' 

1955 

3.0 

196*' 

13. 3 

, 1 5 . C 

653 

0CO eW’ft^E 

10.6 

196 2 

PE'* 

2 

3.0121 

5 

6 

9 

1927 

196 0 

2 .4 

1 968 

9.3 

■ 13.5 

6 54 


9 .9 

1957 

JUN 

11 

2.2969 

5 

6 

0 

1950 

1964 

8. 1 

1965 

75.4 

2 3.9 

655 

pofSElS 

10.6 

1057 

JUM 

ll 

2.0P67 

5 

6 

7 

1041 

1064 

P .? 

I960 

22.3 

32.2 

656 

fl=Ar-LE 

11.2 

1947 

JAN 

15 

3.1683 

5 

6 

6 

1 950 

1960 

-4 ,4 

1967 

28.2 

44.3 

657 

9?<NLr'0 

12.0 

1957 

JUN 

11 

2.6120 

5 

6 

4 

1951 

l°61 

9.0 

1968 

30. 8 

3 5.9 

65R 

ASTFPIA 

11.7 

1951 

DEC 

20 

2. 8548 

5 

6 

6 

1952 

1959 

36.0 

1969 

178.4 

239.8 

65<J 

NFSTHO 

9.7 

1963 

OFC 

17 

5.258? 

2 

8 

14 

1931 

1964 

-6.0 

1967 

14.8 

45.7 

660 

C’ES^FNTTA 

lO.O 

1062 

PEC 

2 

2.5367 

5 

6 

10 

1048 

1966 

-7.5 

1966 

19.7 

22.0 

661 

rt'^FLi/ 

10.7 

1951 

PEC 

20 

3.0179 

5 

6 

5 

199? 

1960 

180.0 

1967 

777 . A 

1128.4 

662 

NEWTOfJl A 

U .o 

1951 

OFC 

20 

2.5531 

5 

6 

4 

1953 

1957 

“144.0 

196° 

1053. 3 

1185.6 

663 

n?n Tf’OF 

10.6 

1962 

oe: 

2 

3.0700 

5 

6 

6 

1 94 8 

1966 

-3.9 

1969 

12.5 

18,8 

664 

juni TH 

11.4 

I9t.2 

DEC 

2 

3.1604 

5 

6 

5 

19 30 

196 4 

7.3 

1964 

18.8 

29.6 

665 

SA8!MP 

Q, 8 

195*' 

JUN 

1 1 

3.151*' 

5 

6 

5 

1951 

1957 

3.0 

1967 

22.2 

34, 7 

666 

OESPEVPNA 

12.0 

1957 

JUN 

n 

2.5932 

5 

6 

4 

1 950 

1967 

-5C.I 

196? 

143.0 

165.1 

667 

f>ENT SE 

10.6 

1965 

JUL 

19 

3.1908 

2 

8 

6 

1936 

1965 

6,2 

1965 

15. 4 

24.4 

665 

ni'PA 

13.4 

1964 

MAY 

25 

2. 7981 

2 

B 

5 

1936 

1959 

-2.6 

1969 

10.5 

13.7 

669 

KYDC! A 

11.4 

1962 

OF'* 

2 

3.010? 

5 

6 

6 

1943 

1966 

7.9 

1966 

16.8 

27.4 

670 

07TFnF“E 

11.2 

1062 

DEC 

2 

2.5049 

5 

6 

10 

102-' 


-3.0 

1969 

10.5 

13.7 

57J 

rAPNEGlA 

11.2 

1951 

DEC 

20 

3.0974 

5 . 

6 

4 

1 952 

1960 

270.0 

1970 

1155.8 

1757.1 

672 

A STAPTF 

12 .4 

1951 

OFF 

20 

2.5549 

5 

6 

4 

1 948 

1956 

72.0 

1 969 

279.3 

314.7 

• 673 

Ef>nA 

11.2 

1947 

JAN 

15 

2.8154 

5 

6 

6 

1 959 

1959 

4 ,5 

1969 

30 , 9 

40.6 

6 74 

FACHFLF 

8.5 

1951 

DEC 

?0 

2.0207 

5 

6 

4 

1953 

1957 

25.2 

1967 

191,3 

266 .3 

675 

LUP^^TUA 

9.3 

1951 

DEC 

20 

2. *'*'14 

5 

6 

c 

1952 

1957 

2 1.6 

1968 

130.4 

1"7.7 

6 76 

MPLTTTA, 

10.6 

1962 

DEC 

2 

3.0635 

5 

6 

7 

1931 

1965 

-3.5 

I960 

n . 4 

17,0 

677 

AALTJF 

11 .0 

1941 

JUN 

15 

2.9557 

2 

8 

14 

1906 

196 1 

-24.4 

I960 

53.0 

75.1 

5T« 

F9EPEGUN01S 

10.7 

196 2 

DEC 

2 

2. 5-'39 

5 

6 

8 

1934 

1967 

7.1 

1969 

17.8 

20,3 

679 

0 AX 

9,2 

1954 

SEP 

15 

2.5869 

0 

0 

6 

1939 

1953 

770.0 

I960 

2065.4 

2375.6 

680 

SES’lVEVA 

10.9 

1962 

DEC 

2 

3.1305 

5 

6 

10 

1033 

1966 

-7.5 

1966 

lo.l 

27,0 

5R1 


12.0 

1962 

DEC 

2 

3. U20 

5 

6 

5 

1932 

1966 

l.O 

1966 

7.0 

10.7 

6S2 

haoao 

13.6 

1909 

JUN 

23 

2.6 321 

2 

0 

2 

1909 

1951 

- 1 1.8 

1951 ♦ 

56.8 

6 7,2 

683 

L AN7 TA 

9.6 

194*' 

JAN 

15 

3.1168 

5 

6 

7 

1947 

1963 

-3 .0 

I960 

i.e.6 

28.5 

6 84 

WUD8UPG 

12.2 

1957 

JUN 

U. 

2.4326 

5 

6 

4 

195« 

196 2 

35.7 

1 969 

1 14.8 

ll9,2 

685 

HCFM7 A 

n.o 

1924 

DEC 

21 

2.2357 

2 

0 

1 0 

190° 

1959 

- I8.e 

l°66 

59 . 7 

53.5 

686 

GE»SUU’0 

U.5 

1938 

JUL 

1 

2.5084 

2 

8 

7 

1 922 

1955 

-3.2 

1968 

19.6 

22.6 

6 87 

ttkette 

13 ,0 

1957 

JUN 

11 

2.7222 

5 

6 

4 

1951 

19 6 3 

9.6 

1969 

2 9.6 

36.9 

688 

WEIANTF 

11.'' 

1951 

DEC 

20 

2,6 08*' 

5 

6 

5 

1040 

1956 

540.0 

1967 

2323.2 

2860.4 

6 89 

ZITA 

13.4 

1968 

AP9 

14 

2.3155 

2 

0 

10 

1934 

196 8 

-48.0 

1969 

82. 1 

78.3 

690 

WPAtt slavia 

8.9 

1951 

DEC 

20 

3.1589 

5 

5 

6 

1946 

1953 

-36. C 

1969 

162, 5 

254.3 

69 1 

LEHIGH 

10.5 

1962 

DE'* 

2 

3,0142 

5 

6 

10 

1938 

1966 

6.8 

1968 

17.1 

74.9 

69? 

MIPPPnAMlA 

10.2 

1961 

JUL 

20 

3.3617 

5 

6 

5 

1049 

1956 

-21.6 

196*^ 

38. 7 

151.9 

693 

Z=PP!HPTTA 

10, 5 

1051 

DEC 

20 

2.9434 

5 

5 

6 

1044 

1953 

-108.0 

1969 

404,5 

569. 9 

694 

CK/PP 

10 .2 

1962 

DEC 

2 

2,6700 

5 

6 

8 

1948 

1965 

-1 1 .n 

1969 

27,1 

32.9 

695 

“ELIA 

0.8 

1951 

OFC 

20 

2.5301 

5 

6 

5 

1953 

1960 

360.0 

1969 

1757. 9 

1961. 0 

696 

LEPf-OPA 

10.3 

1962 

DE'T 

2 

3. 1885 

5 

6 

8 

1951 

1965 

6.2 

I960 

17.7 

28.0 

697 

GAITLFA 

10 .4 

1047 

JAN 

15 

2.8813 

5 

6 

5 

1951 

1960 

5.0 

1966 

33.6 

45.9 

698 

EPHFSTINA 

11.9 

1062 

DEC 

2 

2,8681 

5 

6 

7 

1937 

1966 

90.0 

1968 

160.7 

217.6 

699 

HFLA 

13.2 

1943 

map 

17 

2,6134 

2 

8 

9 

1902 

195 7 

5.7 

I960 

71,6 

25.3 

700 

AUPA VIPTPTX 

12-5 

1957 

JUN 

n 

2.2293 

5 

6 

5 

1930 

I960 

2.6 

1967 

13. 5 

12.1 
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FO 

W^wp 

NOTE 

ARM. e G 




& 

PLANE 

TS 

Or<pn^?T! 

?7'S 

OESTDUAL 

L^ST 

CDRCQ CCf 


701 

f?9Tri7 


10.6 

1951 

OEC 

20 

3.0110 

5 

5 

5 

104? 

1955 

’5.6 

1969 

321.6 

469.0 

702 

^LAUn^ 


8.7 

1962 

DFC 

2 

3.1935 

5 

6 

7 

1 953 

1961 

-1 .4 

1967 

9.3 

14.8 

703 

^{OC Ml 


13 .7 

19^2 

OFC 

2 

2.1750 

5 

6 

5 

1934 

1958 

14.2 

1966 

36. 3 

30, 0 

''ne, 

TKrpc 


7.6 

1962 

DEC 

2 

3.0*569 

5 

6 

10 

1939 

1966 

-3 .a 

19 70 

12.0 

17.9 

705 

pOMTfjT/i 


9.8 

1951 

DEC 

20 

2.9228 

5 

6 

4 

1953 

1958 

“21 6. 0 

1969 

1347.8 

1878.3 

706 

HtotiMor 


12, 1 

1062 

OFC 

2 

2.7206 

5 

6 

6 

1030 

1959 

6 .8 

1969* 

19. 1 

23,9 

707 

S7CTMA 


13.5 

1962 

DEC 

2 

2.1806 

5 

6 

6 

1932 

1957 

-1,5 

1968* 

9.9 

8.5 

70fl 

44rHAELA 


11.8 

1957 

JUN 

11 

2.6717 

5 

6 

5 

1952 

1960 

-3,8 

1969 

IF. ’ 

22.6 

709 

FOTI'OTLLA 


0.9 

1949 

JUM 

13 

2.9139 

5 

6 

7 

1951 

1963 

3.0 

197»8 

19.9 

27.6 

710 

r.EOToun 


12 .2 

1962 

DEC 

2 

3.1430 

5 

6 

5 

1938 

1967 

-8.0 

1969 

18.8 

29.3 

711 

*^aP^*ULLA 


12.6 

106 2 

DEC 

2 

2.23’3 

5 

6 

6 

1942 

1068 

3,4 

1 060 

12,2 

10. 0 

712 

OnLJ v^^^»A 


9.6 

1954 

SEP 

15 

2.5764 

0 

0 

h 

1950 

1957 

360.0 

1967 

1345.5 

1537.3 

713 

LUS*” T 


10.0 

1957 

JUN 

1 1 

3.4096 

5 

6 

8 

1930 

1962 

8.0 

19 64 

20.9 

36. 5 

714 

OLUL t 


10.3 

1062 

DE'* 

2 

2.5352 

5 

6 

9 

10^9 

1965 

9.0 

1969 

23.4 

26.1 

715 

TPAM5 vAALIA 


11 .1 

1957 

JUN 

U 

2.7679 

5 

6 

6 

1051 

1962 

2.7 

1968 

13.7 

17.6 

716 

RFPKFLFY 


11.9 

1962 

oec 

2 

2.P101 

5 

6 

5 

1050 

1963 

4.4 

1968 

15.4 

20.3 

717 

WISTPAOA 


12.0 

1957 

JUN 

11 

3.1 365 

5 

6 

4 

19 50 

1956 

- 10.8 

1967 

•51,7 

80.1 

71 8 

fOIDA 


10.8 

1957 

Jt'N 

11 

3.0522 

5 

6 

8 

1941 

1963 

- 5.4 

1968 

17. 1 

25.4 

719 

AL3C0T 

L 

16,9 

1911 

OCT 

ll 

2.5P39 

2 

8 

1 

1011 

191 1 

-B ,4 

1911* 

640000.0 

734723, 3 LOST 

720 

BrHLTf'T A 


10.9 

1951 

DEC 

zo 

2.8R58 

5 

5 

6 

1946 

1954 

-72.0 

1969 

278.6 

380.8 

721 

TABOP A 


10.5 

1962 

OFP 

2 

3.5539 

5 

6 

5 

1931 

1064 

-11.4 

1968 

2 5, 1 

46.4 

722 

F9IFDA 


13.2 

1962 

DEC 

2 

2.1718 

5 ' 

6 

6 

1952 

1965 

9.0 

1968 

25.4 

21.6 

723 

HAMMPNT a 


11.4 

1962 

DEC 

2 

2 .9975 

S 

6 

6 

19 14 

196 7 

3.2 

1967 

10.8 

15.6 

"*24 

HfiPfG 

1 

14.8 

1911 

OCT 

31 

2-4506 

2 

8 

1 

1911 

lOll 

-4,6 

1911* 

640000.0 

672889, 5 LOST 

725 

Ar^AN'OA 


17.4 

1927 

MAP 

21 

2.5712 

2 

8 

11 

19U 

1960 

-15.6 

1964 

49.2 

56.0 

726 

JO^tLA 


12.1 

1926 

MAY 

5 

2.5656 

2 

8 

Q 

102-* 

1963 

2.7 

1964 

24. 3 

27.6 

^27 

NTPPONIA 


11.3 

1962 

DEC 

2 

2,5672 

5 

6 

5 

1951 

1967 

8.7 

1967 

21.7 

24.7 

7?a 

SIS 


13.9 

1912 

FE8 

28 

2.2556 

2 

a 

1 

1012 

1912 

4.4 

106C* 

295.7 

269,1 

'29 

WATSONTA 


11. 0 

195’ 

JUN 

11 

2. '585 

5 

5 

6 

1040 

1953 

-7 2.0 

1960 

223. 1 

284.4 

730 

ATMAM/sI A 


14.8 

1912 

MAY 

Id 

2. 7436 

2 

8 

2 

1912 

1966 

-11.7 

1969* 

53.6 

48.3 

731 

SGopA 


10.6 

194 7 

JAN 

15 

2.9852 

5 

6 

6 

1950 

1959 

-7.5 

1968 

44.6 

64. 1 

732 

TJILAKT 


12.0 

1932 

AUG 

21 

2.4569 

2 

8 

9 

1912 

1954 

6,1 

1967 

27.4 

28.9 

733 

MOOT A 


10.2 

1957 

JUW 

ll 

3.3911 

5 

6 

4 

1949 

1060 

3-6 

I960 

15.9 

27,6 

734 

B FKOA 


11.0 

1951 

DEC 

20 

3.1533 

5 

5 

6 

1044 

1953 

216.0 

196/ 

eoo .2 

1249.0 

735 

MAPf-HANNA 


LI .0 

1957 
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Z*=I!;5U 

13.0 

195« 

FF0 

21 

2 . 22^1 

852 

WteoTLENA 

U .4 

196 1 

wnv 

17 

C.3631 

853 

NiNSFNT^ • 

12.6 

1966 

AUG 

23 

2.3122 

«54 


13.4 

1961 

DEC 

27 

2. 3680 

85 *^ 

N"WCC.«PTft 

12.9 

1967 

APR 

20 

2.3619 

8 56 

BiCKLUMOA 

12.0 

IPS'' 

JUN 

ll 

2.4363 

857 

raAS FNAPPTA 

12.8 

196? 

MPV 

12 

2. 1908 

858 

EL DJF2ftlft 

11.5 

1962 

nec 

2 

2.0061 

0 50 

B3U/APEAH 

u.o 

1947 

JAN 

15 

3.2056 

860 

l/e^TMA 

10.8 

1957 

JtJN 

11 

2.7958 

»6l 

A’D/* 

10.9 

1957 

JUN 

ll 

3. 1501 

B62 

F0AV7IA 

11 .3 

1957 

JUN 

ll 

2.8026 

863 

BENttOELA 

10.3 

1962 

nsr 

2 

3.1 051 

864 

fs =10 78) 

12.9 

1951 

OFC 

20 

2.2697 

865 

ZUPATOA 

13.2 

1962 

OfC 

2 

2.4154 

866 

P4TMC 

10.4 

1P57 

JUN 

ll 

3. 1236 

867 

KPVACIA 

12.2 

196? 

DFC 

2 

3.0726 

868 

t"*VA 

11.2 

1962 

DEC 

2 

2.7022 

869 

♦»ELLENA 

L3.3 

1964 

NOV 

1 

2.690B 

sto 

MAHItC 

13.0 

1924 

DEC 

21 

2.3217 

871 

AMNFBIS 

13.8 

1967 

JUN 

19 

2.2223 

8 72 

H^LOA 

11.2 

1962 

DEC 

2 

2.7300 

8 73 

mcCHTHTLO 

12.4 

1962 

DFC 

2 

2.6270 

874 

OHTPAUT 

ll.O 

1962 

DEC 

2 

3.1579 

875 

NYMPHS 

12.8 

1949 

DEC 

30 

2.5539 

876 

scrtT 

12.0 

1962 

DEC 

2 

3.0134 

877 

HALKUPF 

U .8 

1957 

JUN 

U 

2.4858 

878 

MUPPEH 

16.6 

1916 

OCT 

4 

2.3633 

879 

PtCAPOA 

12.8 

1917 

JUL 

31 

2.5298 

880 

^FPPA 

13.1 

1951 

PEC 

20 

3.0093 

881 

A THFNC 

13.6 

1936 

NPV 

8 

2.6121 

882 

SHFTLANA 

11.6 

196 2 

DEC 

2 

3.1329 

883 

8A7TF«>ANTA 

13.7 

1924 

DEC 

21 

2,2384 

"84 

PPIAMUS 

9.9 

1965 

AUG 

20 

5.1855 

885 

UIP’KE 

U .8 

1966 

OCT 

2 

3.1009 

8"6 

rfASHlNGTONlA 

10.3 

1943 

APR 

26 

3.1485 

887 

ALINOA 

16 .3 

1958 

FEP 

6 

2.5158 

8 88 

PAPYSAT^ S 

11.0 

1962 

DEC 

2 

2.7097 

«"9 

EOYMtA 

12.3 

1962 

DFC 

2 

2.4460 

890 

NALTOAUT 

11.4 

1967 

JUL 

29 

3.2031 

891 

RUNHUn 

11.3 

1956 

NCV 

23 

2.8596 

892 

SEEL IREPIA 

10-7 

1962 

PEC 

2 

3.2365 

893 

LFPPPLnlNA 

10.8 

1947 

JAN 

15 

3.0506 

894 

EPOA 

11.0 

1951 

DEC 

20 

3.1169 

895 

HELT*^ 

9.8 

1964 

JUN 

14 

3.2033 

896 

S"H!Nx 

13.0 

1059 

Ff« 

1 

2.2853 

897 

LYSTSTPATA 

12.2 

1962 

OFC 

2 

2.5433 

898 

WTLOFCAOn 

13-5 

1949 

DEC 

30 

2.7314 

899 

JPKASTE 

U .5 

1951 

DEC 

20 

2.9095 

900 

pnSALTNDE 

13.0 

1962 

DEC 

2 

2.4730 


PLANE T5 

□oorStTIONS 

F BSTDU fL 

LAST 

EFP.PF SEC 

EQRpC ' k«3 

2 

9 ' 

8 

1934 

1959 

5 .6 

1962 

19,0 

16.9 

2 

8 

9 

192 3 

1960 

-6.8 

1967 

19.1 

13.9 

2 

P 

ll 

1035 

1065 

-180.0 

1060 

313, 

29P.3 

2 

8 

7 

1942 

1960 

“?6.0 

1 968 

50.6 

58.1 

2 

8 

5 

1938 

1967 

1.3 

1967 

6,9 

.6.8 

5 

6 

4 

IP 50 

1962 

1 5.0 

1966 

42.7 

44. 4 

2 

6 

14 

1920 

1962 

-6.7 

1968 

ie.3 

15.8 

5 

6 

5 

1941 

1954 

3.8 

1059 

12. 7 

16.7 

5 

6 

7 

194 8 

1961 

2.6 

1968 

10.4 

29.5 

5 

6 

4 

1956 

1961 

5.0 

1965 

29.1 

3 7.0 

5 

6 

5 

1951 

1958 

-3.0 

1963 

17,4 

?7,l 

5 

6 

5 

1950 

1960 

26.7 

I960 

79.1 

103.4 

5 

6 

6 

1948 

I960 

10.4 

1966 

31.3 

49, 8 

5 

6 

6 

1950 

1965 

-180.0 

1969 

526.1 

484.1 

5 

6 

4 

1934 

1966 

4.5 

196P 

13. 8 

14. 1 

5 

6 

4 

1951 

1958 

-1.4 

1969 

11.7 

18.0 

5 

6 

5 

1928 

1958 

-90.0 

1950* 

1B2.4 

274.0 

5 

6 

10 

1930 

1°63 

'».4 

1966 

19.0 

23.4 

2 

8 

7 

1917 

1962 

-10.7 

1966 

23,7 

29.1 

2 

8 

8 

1917 

1960 

-18.3 

1964 

63, 7 

61.0 

? , 

8 

6 

1930 

1967 

-6.6 

1967 

15. R 

14.0 

5 

6 

7 

1939 

196 2 

-6.2 

1968 

17.9 

‘ 22.4 

5 

6 

9 

l°30 

1065 

6.0 

I960 

16.1 

19.0 

5 

6 

4 

1933 

1962 

3.0 

1969 

10.9 

17.0 

2 

6 

5 

1917 

1950 

37.1 

1966 

90.8 

102.3 

5 

6 

4 

1942 

1955 

• 8 

1965 

6-9 

10. 0 

5 

6 

4 

1954 

1958 

6.9 

1969 

42,1 

45.3 

2 

8 

2 

1916 

1930 

17.6 

193«" 

92.0 

90.9 

2 

8 

3 

1917 

1949 

-5.3 

1949" 

36.6 

40.6 

5 

6 

5 

1917 

1943 

9 0.0 

1969" 

243.8 

355.1 

2 

0 

4 

1917 

1959 

6.2 

1964" 

25.4 

29.6 

5 

6 

7 

1934 

1967 

90.0 

1967 

155.3 

240.1 

2 

8 

9 

19U 

1061 

5.8 

1064 

33.2 

29.8 

2 

8 

13 

1930 

1965 

3.0 

1965 

9.0 

27.2 

2 

8 

10 

1937 

1966 

90.0 

1966 

159.4 

242.8 

2 

8 

5 

102P 

1951 

3.2 

1969 

18.2 

28.3 

2 

8 

8 

1910 

1957 

4,4 

1970" 

15.6 

17.1 

5 

6 

8 

1927 

1065 

-8.6 

196^ 

20. 2 

25.1 

5 

6 

4 

1933 

1965 

2.7 

I960 

10. a 

11.3 

2 

8 

12 

1934 

1967 

-90.0 

l<>67 

153.9 

245,8 

5 

7 

12 

1918 

I 05 R 

-7.4 

1967 

20.9 

20.2 

5 

6 

5 

1936 

1961 

1.8 

1966 

8.8 

14.2 

5 

6 

6 

1949 

1962 

-6.2 

1057 

31.9 

4’. 4 

5 

5 

6 

1936 

1952 

-10? .0 

1969 

305,3 

468.4 

2 

8 

9 

1937 

1066 

3.4 

1968 

10.9 

17.4 

2 

8 

F 

1018 

1959 

9.8 

l°6T 

25.3 

23.6 

5 

6 

8 

1950 

1962 

-90.0 

1969 

216.0 

241.6 

2 

a 

6 

1910 

1951 

-97.2 

196^ 

218.6 

274.3 

5 

6 

4 

1952 

1957 

45-0 

I960 

278.6 

3B5.6 

5 

6 

6' 

1937 

1968 

5.9 

1969 

15.8 

16.9 


LMSC-D420943 
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STATUS ’K'UMPE^ FP PLftNFT H F'-* I P£ ? 


fUJMH =0 

M4MP 

OOl 


30? 

P®rp ITAS 

®03 

LEY 


»PrKFFcUTA 

005 

UN’VFPSTTAS 


rFOEPLoA 

0Q7 

omo^'A 

908 

PUOA 

9 09 

Ull A 

910 

6NMFL IF5F 

911 

AGA MFK'NnN 

“12 

«A7 I T|mA 

913 

PTILA 

91A 

PALT SAK'A 

915 

C'^SETTF 

916 

ftMCQTr* 

917 

LVKA 

918 

ITha 

919 

ILSEPUL 

o?0 

PPOCQ T4 

9?.l 

JPVITA 

922 

schlutta 

923 

HFPLtjr.A 

924 

Tp\'T 

025 

AL9HPNSINA 

926 

I*^HTtnE 

927 

P atispfna 

920 

H!LDPU^• 

929 

AtOUNDE 

930 

WESTPHALIA 

931 

WHT'^TF'^OPA 

“3? 

HP''VE'»1A 

933 

SUSl 

034 

THtJPlNGTA 

935 

CUV JA 

936 

KUN! GU^‘D5 

0 37 

ppthcfa 

938 

CHL'^STVOE 

939 

I S9FRGA 

040 

kproula 

941 

mUPPAY 

942 

^PMTLDA 

943 

PFPpMi A 

944 

MIOALCn 

945 

BAPPFL f^HA 

945 

P'^FSIA 

947 

MINTFP^SA 

94 9 

JUCUNDA 

949 

HEL 

950 

AHPFNSA 


uptr fipMAG 


pprrn 


A 

PLANFTS 


ICK5 

PFSIPUAL 

LAST 

Fpptrc src 

cFonc kM 3 

12,8 

196 3 

JAN 

31 

2.2245 

2 

8 

10 

1^05 

1961 

- 10.2 

1960 

?3.6 

20,9 

13,6 

1951 

pe: 

20 

2.4468 

5 

6 

5 

1918 

1958 

180 .0 

1968 

342.5 

359.2 

19 .0 

194 7 

AUG 

3 

3,2445 

7 

8 

4 

1 910 

1947 

5.7 

1 969* 

22.8 

37.0 

1 1,4 

195 8 

WAY 

24 

2 . 90 O 8 

2 

8 

6 

i 033 

I960 

- 1.3 

1969 

5. 9 

9.5 

U.3 

1962 

OEF 

2 

2-2163 

5 

6 

4 

1961 

1959 

.3 

1967 

5, 1 

8.0 

10.7 

1947 

JAN 

15 

2.09<*5 

5 

6 

0 

19 50 

1962 

-3,2 

1969 

22.0 

30.2 

10.7 

1944 

MAY 

30 

2, 9002 







1968 

330.0 

391.4 

12.1 

196 2 

OFC 

2 

2,4741 

5 

6 

6 

1931 

1964 

-6.2 

196 7 

17.0 

18,1 

9.6 

1952 

DFC 

2 

3.5513 

5 

6 

9 

1926 

1963 

4,6 

1969 

13, 1 

24. 3 

11.3 

19 51 

OFF 

20 

2.9319 

5 

5 

5 

1939 

1950 

216.0 

1966 

774.4 

1084.3 

8.9 

1953 

OFF 

17 

5.1536 

2 

8 

10 

1935 

1964 

-4,6 

1969 

12,5 

37,7 

0-4 

1957 

JUM 

U 

3.1254 

5 

6 

4 

1 °50 

1958 

12,2 

19 69 

46, 3 

71.4 

13.8 

1919 

MAY 

22 

2.1973 

2 

B 

9 

1909 

1962 

7,0 

1968 

39,2 

34.0 

10.5 

1962 

FF>^ 

5 

2.4545 

2 

8 

16 

1919 

1962 

C.2 

IQ6P 

22, 2 

23.4 

13.1 

1952 

DEC 

2 

2. 2201 

5 

5 

5 

1951 

1964 

-5,3 

1964 

18,0 

16.0 

12.7 

1962 

DFC 

2 

2.3650 

5 

6 

7 

1951 

1964 

3.0 

1 969 

12,7 

12.6 

12.6 

1963 

A 99 

21 

2,3012 

2 

9 

IT 

1919 

1963 

12,0 

1°66 

26.4 

26.4 

12,1 

1952 

DEC 

2 

2.8636 

5 

6 

8 

1936 

1963 

100.0 

1968 

338.9 

457.8 

12.4 

1951 

DEC 

20 

2. -^715 

2 

B 

5 

1910 

1953 

4.9 

1969 

10 . 0 

24.3 

12.0 

105 a 

JUN 

9 

2, 6208 

2 

8 

B 

1940 

1969 

3-9 

1969 

10. 1 

11.9 

U .2 

1964 

SEP 

2 

■^.1789 

2 . 

8 

6 

193 5 

1964 

6.9 

1964 

1 7. 1 

27.1 

13. 1 

1951 

DEC 

20 

2.68'9 

5 

6 

5 

1937 

1963 

“ 0,0 

1963^ 

1'5. 1 

214.2 

12.8 

1949 

JU^ 

13 

2.6140 

2 

a 

7 

1919 

1961 

4,1 

1969 

16.9 

19.8 

10.5 

1947 

JAM 

15 

2,9355 

5 

6 

6 

1951 

1961 

14.1 

1969 

71, 7 

100.6 

8.7 

1951 

DEC 

20 

2. 7001 

5 

5 

9 

1940 

1954 

180.0 

1969 

510.4 

628.9 

11.7 

1947 

JAN 

15 

2.9789 

5 

6 

5 

1951 

1962 

29.6 

1968 

133.4 

191.3 

10. 2 

1057 

JUN 

1 1 

3.2176 

5 

6 

P 

1943 

1964 

8.7 

1969 

23. 2 

37.2 

10 .8 

1965 

JUN 

24 

3.1424 

2 

a 

9 

1946 

196 6 

-3.9 

1966 

11,3 

17.5 

13.7 

1967 

MAP 

11 

2,2388 

2 

a 

7 

1044 

1°67 

4.5 

1967 

12.7 

11.4 

12.6 

1962 

DEC 

2 

2.4301 

5 

6 

7 

1 940 

1962 

90.0 

1966 

182,1 

183,7 

10.5 

1957 

JUN 

11 

3,1607 

5 

6 

6 

1942 

1962 

3.0 

196 8 

12.6 

19.8 

10. 8 

1041 

JAN 

6 

2.41°4 

2 

6 

fl 

1942 

1958 

45.1 

1967 

170,6 

175.5 

n.5 

1950 

APS 

29 

2.3699 

2 

8 

6 

1 R?7 

1956 

-29.0 

1 967 

71.7 

71.2 

U-5 

1957 

JUN 

11 

2-7476 

5 

6 

4 

1952 

1961 

2-0 

1969 

12.7 

16. 1 

14-3 

1920 

nCT 

23 

2.2189 

2 

a 

6 

1920 

1963 

5.0 

196?‘>' 

34.2 

30.2 

11.2 

1951 

DEC 

20 

3.1423 

5 

5 

6 

1946 

1953 

72.0 

1968 

316.9 

492.0 

13.2 

1950 

AP9 

29 

2.2314 

2 

8 

8 

1“16 

1953 

-7.5 

1969 

25.7 

23.0 

12 .4 

1962 

DEC 

2 

3.1742 

5 

6 

4 

1934 

1965 

4,8 

1965 

13.7 

21.5 

13.4 

196 2 

DEC 

2 

2.2474 

5 

6 

9 

193“ 

1957 

90.0 

1967 

209, 0 

1P9.0 

10.5 

1957 

JUM 

11 

3. 3899 

5 

6 

8 

1949 

1963 

5,4 

1969 

18,0 

31.2 

12.1 

1957 

JUN 

11 

2.7798 

5 

6 

3 

1948 

1957 

-102.8 

1966 

330.3 

436.4 

11.6 

1962 

DEC 

2 

3.1629 

5 

6 

5 

1931 

1963 

6.0 

196B 

18.3 

26*6 

11 .0 

1951 

RFC 

20 

3. 1131 

5 

5 

5 

1949 

1956 

-126.0 

1963 

548.3 

839 .8 

12.0 

1964 

MAY 

5 

5.3201 

2 

8 

11 

1920 

1964 

-4.5 

1964* 

11. 5 

4 0. 2 

11.4 

1961 

NCV 

17 

2.6396 

2 

a 

12 

1921 

196 2 

-13.9 

1968 

30.5 

36.3 

11.4 

1957 

JUN 

11 

3.1235 

5 

6 

5 

1947 

1963 

-4.8 

1963* 

16.6 

25.5 

ll.O 

1051 

DEC 

20 

2.^511 

5 

6 

5 

1953 

1959 

90.0 

1069 

409.8 

620.4 

12 ,4 

1962 

DFC 

2 

3.0333 

5 

6 

5 

1932 

1953 

270.0 

1966 

661.1 

974.3 

11.0 

1957 

JUN 

11 

2.9927 

5 

6 

.7 

1947 

1963 

7.5 

1968 

22. 3 

32. 2 

12.5 

1928 

FFB 

4 

2. 3710 

2 

a 

a 

1921 

1959 

-3.3 

1969 

25.2 

25-0 


ESTiWftTEO 
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TP PL^^^E'^ cDVJCMcrjpc- pQ 




fjPTF fiovflr. 

F^rCH 


A 

planets 

npr Os^ T 

I '"'NF 

9E S! OU-U 

LAST 

cturo Cic 

prQ'iv , 

951 

r, f 5 P e A 

1? . 1 

1962 

orr 

22 

2.209B 

2 

8 

12 

1926 

1962 

-5.6 

196 8 

16.6 

14.5 

952 

rara 

10.4 

1951 

OFC 

20 

2 .9045 

5 

5 

6 

1941 

1952 

-252.0 

1967 

*56. 1 

1231.4 

953 

pAINL EVA 

U .6 

1957 

JUM 

11 

2.7893 

5 

6 

4 

1952 

1959 

-2.6 

1969 

16.0 

20.7 

954 

L! 

n .8 

1957 

JUM 

11 

3. 1312 

5 ■ 

6 

4 

194 0 

? 9M 

5.0 

1969 

20.9 

32,3 

955 

AlSTFDF 

12.7 

1962 

PEF 

2 

2.5041 

5 

6 

9 

l'"33 

1=6“ 

100.0 


302.4 

34«.4 

956 

PLISA 

13 .6 

1925 

JAM 

10 

2.2981 

2 

8 

0 

1921 

1959 

-51.0 

1963* 

1 52.6 

14 1.6 

957 

: AMFLTA 

ll .1 

1962 

PEC 

2 

2.9 19,? 

5 

6 

8 

1926 

1966 

- 3.9 

1966 

11.9 

L 6 . 6 

95f» 

ASPl !^'0A 

U .1 

1957 

JU^* 

11 

3.0442 







1961* 

3 00.0 

640,2 

959 

ftDMH 

1! .9 

1951 

OEC 

20 

^.1917 

5 

6 

4 

1927 

1957 

-IR 0,0 

1969 

368.2 

584.9 

960 

5!PG! T 

14. 7 

1921 

OCT 

1 3 

2,2404 

2 

8 

7 

I9?l 

1950 

12.2 

1968* 

55, 3 

50.0 

961 

OUNf'TE 

12.5 

1962 

DEC 

2 

2.6932 

5 

6 

4 

19 74 

1956 

2.7 

1 965 

11.8 

14.5 

962 

e Si'r, 

12-7 

19?l 

NPV 

7 

2.9043 

2 

0 

u 

1916 

1963 

-7.5 

1 963 

35 . 6 

4«. 2 

963 

f nUPFCGA 

13.6 

l°2l 

nrj 

1 5 

2.2470 

2 

8 

6 

1921 

I960 

9.8 

1963* 

47. 7 

43. 1 

964 


12.0 

1962 

OF^ 

7 

3.0477 

5 

6 

4 

1950 

1963 

90.0 

1968 

206.2 

306.0 

965 

a^’CEL TFA 

11.8 

1925 

JAM 

10 

3.1676 

2 

8 

7 

1921 

1933 

74.3 

1969 

316.7 

497.6 

966 

VUSFMT 

11.2 

1961 

MOV 

17 

2.7177 

2 

8 

16 

1921 

I960 

-1 0.1 

196 9 

24.4 

30,4 

967 

-iPiTrr'APF 

13,3 

1957 

JUN 

ll 

2.2255 

5 

6 

4 

1 950 

1954 

3.2 

1 967 

27.4 

24.4 

969 
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5 

6 

7 

1931 

1964 

7.2 

1968 

17.9 

26.3 

1086 

MATA 

10.7 

1962 DEC 

2 

3.1638 

5 

6 

7 

1949 

I960 

- P.7 

1969 

28, 2 

44.3 

1087 

A9A8 r$ 

U .0 

1967 MA9 

31 

3.0120 

2 

e 

10 

1937 

1967 

-6.3 

1 969 

14,6 

21.2 

10 88 

MITAKA 

12.0 

1962 MOV 

12 

2.2011 

2 

0 

ll 

1932 

1961 

-5.2 

1969 

16. 5 

14.4 

1080 

TAMA 

12.9 

1962 OFC 

22 

2.2133 

2 

8 

16 

1919 

1963 

-9.1 

1969 

22. 1 

19.5 

1090 

SUM! OA 

14.1 

1963 APR 

21 

2.3612 

2 

B 

2 

1928 

1957 

-6.4 

1964 

19.0 

18.7 

1091 

SPIP AFA 

12.0 

1928 AOP 

4 

3,4235 

2 

8 

2 

1028 

1932 

3.5 

1969* 

5*'. 6 

: 101.2 

1092 

l!L»U« 

n .8 

1956 NOV 

23 

2. 9009 

2 

8 

7 

1924 

1956 

-12.6 

1965 

3?, 4 

44.6 

1093 

FPFPA 

10. 0 

1062 DEC 

2 

3.1460 

5 

6 

6 

1932 

1059 

7.7 

1964 

20, T 

32.2 

10«4 

S»8EoiA 

13.0 

1926 FFB 

14 

2. 5482 

2 

B 

9 

1918 

1959 

9.6 

1959* 

4X>, 2 

45,1 

1095 

TUUPA 

12.7 

1942 JUN 

10 

3.0252 

2 

8 

3 

1926 

1952 

-8.0 

1968 

29,0 

42.6 

1096 

9EU'’EP TA 

11-4 

A OP 

20 

2.S004 

2 

0 

a 

1028 

1057 

-5,8 

1066 

23,0 

26.7 

1097 

VICI A 

13.2 

1950 PCT 

6 

2.6385 

2 

B 

5 

1928 

1954 

-9.3 

,1967 

29,8 

35,3 

1098 

HAKCVF 

12.0 

1951 DEC 

20 

2,6003 

5 

5 

6 

1936 

1950 

36.0 

I960 

1 10 . 5 

146. 3 

1090 

F TGNFPTA 

U.8 

1968 DEC 

30 

3. 1610 

2 

a 

9 

1920 

1959 

-3.8 

1969 

9.7 

15.2 

1100 

A9NTCA 

12 .4 

1956 NOV 

23 

2.8976 

2 

0 

ll 

1918 

1950 

25.0 

1967 

54.9 

75.6 
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23 


VUM^Ct? 

Mfl'^F 

MOTE A8NAG 

FP^'CH 


A 

pLAT'ETS 

PPPPSTT 

T 

c ESI DU AL 

LAS" 

CD p np cc r 

gCSQO KM3 

IIOI 

'‘LF*'*T1 S 

12.1 

192 8 

PC 7 

1 

3.2733 

2 

9 

2 

1928 

1961 

-4.1 

I9 60* 

25. 8 

42.6 

1102 

pcpTTA 

ii.n 

106 2 

PFC 

2 

3,0704 

5 

6 

5 

1951 

1965 

3 .0 

1965 

11,4 

17.1 

1103 

SFQU'^Tfi 

13 .6 

1928 

NOV 

30 

1 ,9’38 

2 

8 

8 

1928 

1965 

-8,6 

1965 

43.6 

29,5 

U04 

SYP 

13. 6 

l°62 

DEC 

2 

2.6310 

5 

6 

o 

l°2P 

1°66 

-IPO.O 

1068 

304.3 

350.7 

11 0*1 

FPAOflP I a 

U.3 

1067 

oec 

? 

3.0126 

5 

6 

10 

lO'^O 

196? 

-90,0 

I960 

168.6 

245.9 

HC6 

r Yor M T ft 

13 ,0 

1051 

DFC 

20 

2.5974 

5 

6 

6 

1 929 

1954 

13 0.0 

196“ 

4 12.4 

4T 7 , 4 

llO'^ 

L TfTnciA 

10.3 

1062 

DEC 

2 

3. 1877 

5 

6 

8 

1946 

1965 

-4.7 

1966 

14,2 

22.5 

n 08 

OE^ETFP 

12 .4 

1951 

OFF 

20 

2.4284 

5 

6 

6 

1929 

1948 

90.0 

1067» 

2 6C.6 

269.8 

ll 09 

TftTA 

11.0 

1067 

PF7 

2 

3.2010 

5 

6 

10 

1931 

1964 

-?.o 

1066 

19,3 

30. 9 

1110 

JftorSl AWA 

13 .4 

1964 

A po 

15 

2.2188 

2 

8 

7 

1034 

1057 

-3.8 

1961 

14,2 

12.5 

U 1 1 

P = tN'MUTHIA 

11.5 

1062 

OF; 

2 

2.0959 

5 

6 

10 

1 932 

1066 

-10.0 

19 66 

22. 2 

32. 1 

i:i2 

pn^oM T a 

U .0 

1047 

JAN 

15 

3. 0188 

5 

6 

4 

1 P^'-O 

1959 

13.8 

1968 

73.9 

108.2 

W13 

K ftT jt 

10 .7 

1057 

JUM 

ll 

3.1174 

5 

6 

6 

1950 

1959 

7.8 

19 67 

30,1 

46.2 

1114 

U"”P A !^’e 

10. 4 

1066 

OFT 

22 

3.0922 

2 

9 

~f 

1 °33 

1*=66 

-1 .6 

1^66 

7.0 

10.6 

1115 

s APAUPA 

10 ,6 

1957 

JU*' 

ll 

3.0094 

5 

6 

7 

1951 

1960 

-3,0 

1 966 

15,4 

23.4 

U 16 

: ATP ITNA 

10.9 

1049 

MAP 

25 

2.9215 

2 

8 

9 

190P 

1956 

-10.4 

1969 

2E, 2 

39.3 

11 IT 

PFGTNTT A 

13-2 

1962 

DFC 

2 

2.2476 

5 

6 

7 

1940 

196 8 

6 .0 

1968 

16.7 

15.1 

n IB 

-•ftN^K YA 

n .1 

1051 

OEC 

20 

3.2014 

5 

5 

6 

1940 

1953 

2B8.0 

1968 

872-2 

1391.6 

11 10 

EU°'“FA 

12.4 

106 5 

ncT 

7 

2.6114 

2 

P 

T 

10 30 

1064 

7.2 

i960 

17,5 

20.4 

U 20 

C ftNUPNl A 

13.4 

195 7 

JUN 

11 

2,2159 

5 

6 

4 

1 946 

I 957 

-.6 

1968 

10. e 

9.6 

1121 

NATf SFHA 

12.6 

1949 

DEC 

30 

2.5460 

2 . 

8 

6 

1020 

1056 

-3.9 

19 6T« 

IP. 0 

20. 1 

1122 

M5TTH 

12.8 

192 0 

SEP 

ll 

2.6045 

2 

8 

3 

1924 

1932 

-2.4 

1968 

31.9 

3 7.0 

1123 

SViftPLFYA . 

n .0 

196? 

DFC 

2 

2.2254 

5 

6 

8 

1940 

1964 

6.0 

1964 

17,6 

15.6 

1124 

STPrpBAMTU 

12.2 

1961 

MAP 

2 

2.9260 

2 

8 

7 

1931 

1961 

9.4 

1961* 

23.3 

32. 6 

11 25 

CHINA 

6 14.3 

1958 

JAN 

0 

3.1546 







1967* 

3 00.0 

468.5 ESTIMATED 

11 26 

DTFPP 

13.4 

1962 

PEC 

2 

2.2T17 

5 

6 

6 

1*529 

1055 

-C.6 

1967 

20.7 

1 0 . 1 

1127 

MlMl 

11.7 

1951 

OEC 

20 

2.5035 

5 

6 

5 

1946 

1961 

450.0 

1965 

1179.2 

1361.9 

ll 26 

A $TC TP 

ll .8 

1057 

JUN 

ll 

2-7907 

5 

6 

4 

1950 

1958 

2.4 

1967 

14. 0 

10.3 

1120 

^’FUJMt^'A 

11. 1 

1962 

DE'* 

2 

3.0232 

5 

6 

4 

1940 

1966 

-4.5 

1969 

13.2 

19.4 

1130 

SXUl 6 

13.5 

1062 

DEC 

2 

2.2290 

5 

6 

7 

1939 

1965 

-13.6 

1969 

30.6 

27.3 

1131 

Dnp7TA 

15.4 

192 9 

prr 

16 

2.2207 

2 

8 

4 

1929 

1952 

-6.9 

I960 

40. 9 

36.4 

1132 

M'’l L ANPI A 

ll .0 

1959 

FE« 

1 

2,6841 

2 

3 

9 

1920 

1950 

5.7 

1969 

17,7 

21.6 

1133 

lUOnUNA 

13.2 

106 2 

DEF 

2 

2.1860 

5 

6 

4 

19 39 

196 8 

-2.6 

I960* 

11.0 

9.4 

1134 

KEPI 'P 

15.4 

I960 

OCT 

6 

2.6»24 

2 

a 

4 

1020 

1969 

-2.5 

1969* 

7.7 

9,4 

11 35 

r^LPHtS 

11-0 

1062 

OFF 

2 

2.6659 

5 

6 

6 

1950 

1963 

2.9 

1967 

12.3 

14,8 

1136 

vigor fPFS 

12.3 

106 2 

DEC 

2 

2.5641 

5 

6 

7 

1033 

1062 

-90.0 

1962* 

l'^?.5 

196.7 

113T 

P AI5SA 

12.1 

1062 

DFC 

2 

2.4232 

5 

6 

7 

1939 

1966 

4.5 

1969 

14.0 

14.4 

1138 

ATTICA 

12.3 

1051 

DEC 

20 

3.1453 

5 

6 

4 

1920 

1964 

90.0 

1964 

16 5. 1 

256. 7 

ll 30 

ATA«T 

14.4 

1941 

JUL 

5 

1. 04-^3 

2 

8 

6 

192 9 

1955 

.3 

1969 

16,0 

1 1 .0 

1140 

roiMFA 

11.3 

1065 

AUG 

28 

2,7710 

2 

8 

6 

1935 

1965 

-i.e 

1969 

7.9 

10.2 

1141 

BPHM lA 

14.6 

1030 

JAN 

24 

2. ^^07 

2 

6 

3 

1930 

1056 

— 3.6 

1961* 

2P. 1 

25.0 

1142 

TA 

11.6 

1957 

JUN 

11 

3,1711 

5 

6 

7 

1941 

19 60 

6.0 

1967 

19.6 

30 . 8 

1143 

PDYSSFUS 

0,4 

1065 

JAN 

20 

5.2117 

2 

8 

15 

1930 

196 5 

-5.2 

1968 

12.7 

38.8 

ll 44 

npA 

ll.O 

1052 

FE9 

IB 

3.7525 

2 

8 

9 

193 0 

1952 

5.7 

1968* 

21,2 

42.2 

1145 

PnOFL”CNTE 

12.3 

106 2 

OEC 

2 

2.4244 

5 

6 

6 

1933 

1056 

-7.5 

1967 

22.8 

23.5 

1146 

8T APMTA 

11,0 

1957 

JUN 

11 

3.04P9 

5 

6 

6 

1940 

1061 

-6.0 

1967 

2P. 0 

31.0 

1147 

STAVPDPPLlS 

13.6 

1062 

DEC 

2 

2.2719 

5 

6 

4 

1950 

1967 

4.8 

1967 

15.2 

14.0 

1148 

PAPAHU 

11.3 

1066 

AUG 

23 

3.0152 

2 

a 

7 

1034 

1066 

4.0 

1066 

ll.l 

16.2 

114« 

VOLGA 

11.5 

1057 

JUN 

11 

2.O009 

5 

6 

8 

1948 

1953 

ll.l 

1069 

30.6 

42.2 

1150 

ACHAI A 

14,7 

1962 

PEC 

2 

2.0908 

5 

6 

6 

1020 

1958 

3.6 

I960* 

14, 1 

ll-Z 
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IMTp:) 

MAMP 

U *il 

1 Tf^AKA 

1152 

P 

1153 

WfiLLEN9EP0!A 

U54 

*STpPNr*«TA 

U55 

ftCf'MA 

1155 

KTOf 

U57 

aPA8 lA 

1158 

tUOf 

n 59 

SRA^'ADA 

1160 

UlTOt A 

U61 

th^ssalia 

1162 

LAP I SSA 

1163 

SAGA 

11 64 

KH^irLDA 

1165 

I MDD INSTTA 

1166 

sakun^ala 

1167 

OUfil AGO 

1168 

B9A^'0! A 

1169 

ALWINE 

1170 

STVA 

mi 

ous'^hawelia 

1172 

ANEA S 

11*^3 

ANCHISES 

1174 

MAPMAflA 

1175 

MAenO 

1176 

luno'^p 

1177 

SSI A 

1178 

T9MELA 

1179 

mally 

IIBO 

OITA 

1181 

LILITH 

1182 

IL'^NA 

1103 

JUTT A 

ll 84 

GAEA 

1185 

Nf tKK'' 

1186 

TUPA’PPf 

U87 

ACPA 

1188 

G'^THL ANOIA 

1189 

TEEENTI A 

1190 

PELAGIA 

1191 

alfatepna 

1192 

POTS'^A 

1193 

A*^9 ICA 

1194 

ALPTTA 

1195 

OBAMGIA 

1196 

SHFPA 

U97 

PHPDF <TA 

1198 

ATLANTIS 

1199 

r.4i.noMT A 

i?ro 

• 1«PPR <»TOt X 


f,;pTc apmah F>^rrM 


planets npDOSTTIONS SESIOUAL LAST E'^PCF S = C fc®rc K^3 


14 .9 

1929 

SFP 

6 

2,4063 

2 

B 

2 

1929 

12.3 

1^6 2 

DEC 

2 

2,42^5 

5 

6 

5 

1930 

13.4 

196 2 

DEC 

2 

2.1950 

5 

6 

4 

1 950 

11.4 

1 96? 

DFC 

2 

3.3981 

5 

6 

o 

1027 

13.1 

1062 

OFT 

2 

2.4621 

5 

6 

5 

1948 

14.0 

1933 

SEP 

28 

2.2603 





11. 3 

1951 

OFC 

20 

3.2062 

5 

5 

6 

1930 

12.3 

1951 

DEC 

20 

2.5639 

5 

6 

4 

1952 

13.0 

1955 

t PR 

27 

2.3794 

2 

8 

8 

1929 

12. ° 

1954 

SEP 

15 

2.5602 

5 

6 

7 

1937 

12.8 

1929 

DEC 

15 

3.1645 

2 

e 

4 

1929 

10.3 

1963 

DEC 

30 

3.9428 

2 

8 

Q 

1930 

11.7 

1957 

JUN 

11 

3.2099 

5 

6 

5 

1931 

14.1 

196? 

OFO 

2 

2.3058 

5 

6 

5 

1930 

U. 6 

1962 

DFC 

2 

3.1407 

5 

6 

7 

1935 

12.7 

1956 

NOV 

23 

2.5412 

2 

8 

8 

1930 

11. 0 

1962 

DEC 

2 

3.4215 

5 

6 

7 

19 34 

13.1 

1950 

J«JM 

a 

2. 5506 

2 

8 

4 

1 930 

14.4 

1951 

DFC 

20 

2.3185 

5 

6 

6 

1937 

13.2 

194? 

FFB 

10 

2,3254 

2 

8 

4 

1930 

10 .8 

1962 

DEC 

2 

3.1485 

5. 

6 

6 

1930 

9.4 

1966 

OCT 

22 

5.1654 

2 

8 

14 

l°34 

10. 1 

1964 

SEP 

2 

5,1663 

2 

e 

LI 

1930 

12.9 

196 2 

oh 

2 

3.0201 

5 

6 

5 

1930 

11.7 

l«34 

JUN 

12 

3,2201 

2 

8 

ll 

190? 

12.3 

1945 

MAR 

6 

2.6941 

5 

5 

9 

19?7 

10.5 

1966 

OCT 

2 

3.3531 

2 

e 

15 

1946 

13 .0 

1940 

FE8 

1 

2.6792 

2 

8 

*. 

1931 

15.1 

1931 

APR 

9 

2.6166 

2 

a 

2 

1931 

10.2 

1062 

OFC 

2 

3.9810 

5 

6 

8 

1931 

12.7 

1951 

DEE 

20 

2,6644 

5 

6 

7 

1934 

12-7 

196 2 

ncr 

2 

2.2596 

5 

6 

5 

1927 

13.1 

1962 

OEC 

2 

2. 3033 

5 

6 

7 

193 5 

12.2 

196? 

OFC 

2 

2.6677 

5 

6 

6 

1931 

13.4 

1062 

DOC 

22 

2.23‘'l 

2 

8 

9 

1927 

10 .8 

1957 

JUN 

11 

3. 0180 

2 

8 

9 

1929 

12.9 

1935 

JUL 

17 

2.6395 

2 

8 

7 

19 29 

13.1 

194® 

JUN 

21 

2. 1910 





U .2 

1962 

oec 

2 

2.9335 

5 

6 

8 

1950 

13.3 

1930 

OCT 

31 

2.4313 

2 

8 

4 

1909 

U .7 

1931 

FE® 

12 

2.0939 





13-7 

1931 

FE« 

28 

2.3649 

2 

0 

4 

1931 

13.3 

1931 

JUN 

8 

2.6461 

2 

8 

7 

1931 

11 .6 

19?l 

JUN 

B 

2.9146 

2 

0 

9 

1931 

14.6 

1931 

JUL 

10 

2.2508 

2 

5 

2 

1031 

11.6 

1931 

JUN 

a 

2. 6525 

2 

0 

ll 

1931 

11.2 

1957 

JUN 

Ll 

2.8862 

5 

6 

4 

1 948 

16, 9 

1931 

Of T 

6 

2.2491 

2 

9 

1 

1931 

11 .4 

1962 

OEC 

2 

3.0239 

5 

6 

5 

1951 

IK 8 

1951 

DEC 

20 

3.0590 

t 

5 

5 

193*^ 


1966 

5.4 

1966 ^ 

31.0 

31.6 

1951 

5.6 

1969 

17.4 

18.0 

19 56 

- 1.5 

1969 

12,9 

11 

196 6 

- 2.1 

1968 

0 . 6 

15 . 0 

196 1 

180.0 

1968 

4 35.3 

461.3 



1966 

33 C .0 

274.0 

1552 

324.0 

1969 

7 PF .7 

1261.2 

1960 

180.0 

1969 

774.2 

877.6 

196 2 

- 7.4 

1969 

21.0 

21.0 

1953 

- 180.0 

1968 

492 . 1 

556,5 

1938 

- 7.4 

I 960 

61.0 

95.7 

196 ® 

“*.6 

l ®69 

15.5 

33.0 

1551 

2.1 

1966 

11.9 

19.1 

1965 

90.0 

1965 

1 60 . 7 

152 . I 

1957 

180.0 

1968 * 

398 . 0 

617.6 

195 0 

- 9.1 

I 960 

26.0 

29.0 

1066 

7,5 

196 ® 

K . 8 

31.2 

1956 

7.6 

1967 * 

25.6 

? 0.e 

1962 

100. 0 

I 960 

355.5 

339.7 

l ®55 

5,2 

1969 

24.4 

23.5 

1964 

- 3,8 

1969 

12.2 

19.0 

1966 

5.2 

1966 

12.4 

■3 7.3 

1964 

- 2.3 

1964 

6.0 

2 4.3 

1955 

- 3.2 

197 C * 

12,5 

18.2 

1764 

- 8.1 

1968 

26.5 

42 . 6 

1952 

- 180.0 

1969 

■ 428.3 

525.9 

1966 

2.8 

1066 

9 , 2 

, 15.6 

1953 

- 4.9 

1962 * 

24.7 

■ 30.0 

1936 

l.l 

1936 * 

25 . a 

30.2 

1965 

6.9 

1066 

16.6 

35.9 

1954 

- 90.0 

1969 ' 

2 2 K 0 

271.4 

1962 

”^.0 

1960 

19 . 1 

17.4 

1964 

90.0 

1967 

167.6 

168.1 

1965 

7.1 . 

I 960 

17.9 

21.6 

1062 

- 29.2 

106 ° 

59 . 1 

53.0 

195 6 

7.0 

1966 

21.6 

31.5 

196 3 

5.0 

1969 

2 5 . 8 

30.7 



1969 

3 00.0 

259,0 

1965 

- 3,0 

I 960 

11,5 

16.1 

1055 

- 7.4 

1065 

30.6 

31.7 



1966 

3 00.0 

411.8 

1953 

6.3 

1969 * 

37.3 

36,9 

1958 

49.6 

1969 

165,6 

197 . 5 

1956 

- 10.4 

1965 

47.0 

65.2 

1035 

2.4 

1935 * 

44.9 

40.9 

1953 

- 34.9 

1966 

120.9 

144.8 

I 960 

8.6 

1965 

28.4 

3 8.9 

1931 

- 1.3 

1938 * 

72.6 

65 . ^ 

1950 

2.9 

1967 

15.8 

23-5 

1953 

72.0 

I 960 

201.9 

301 , > 


ESTIMATED 


estimated 

ESTIMATED 
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HOV 

24 

2,4107 

2 

8 

1 

1933 

1933 

-3.7 

1933* 

640010.0 

6543B1.0 

LOST 

1317 

SUVRFTTA 


9.8 

1951 

PFC 

20 

3.1675 

5 

5 

6 

1935 

1954 

396.0 

1959 

= 87,8 

1551.0 


13lfl 

H(PO 


13.2 

1 = 5’ 

JUM 

11 

2.30’6 

5 

6 

4 

1934 

1955 

l*»0.0 

1 = 67^? 

428.0 

405, 6 


13 19 



11 .8 

1941 

OCT 

13 

2,9870 

2 

8 

6 

1908 

1949 

7,3 

1965 

76.4 

37.9 


1320 

I MPA la 


12 ,0 

1962 

nrr 

2 

2.9309 

5 

6 

4 

19 34 

196 5 

- 3-4 

1=69 

11.4 

16.3 


1321 

MAJU“A 


U.2 

1962 

DEC 

2 

2.9417 

5 

, 6 

6 

1 935 

1960 

5.3 

196<, 

16.1 

22,6 


1?22 

rrtppppMTCUS 


14,2 

1934 

JUM 

12 

2.4223 

2 

8 

3 

19 34 

1953 

-9.5 

I960* 

40.4 

49.9 


1^23 

TUGFLA 


U.2 

1=51 

DEC 

20 

3.1040 

5 

5 

4 

1 948 

1956 

86 .4 

1960 

332.2 

526, 1 


1324 

kmysna 


13.7 

1934 

JUL 

2 

2,1847 

2 

8 

2 

1934 

193 7 

-1.6 

1969* 

39. n 

33.5 


1325 

im KTJA 


13.3 

1962 

DEC 

2 

2.5377 

5 

6 

4 

1934 

1954 

2.0 

1954 

10. 8 

12.0 


1326 

trSAKA 


12.0 

1=62 

DEC 

2 

2.6680 

5 

6 

7 

1934 

1965 

90.0 

1969 

162.6 

196.5 


1377 

NAMAf)uf 


13,0 

196? 

DEC 

2 

2.7804 

5 

6 

6 

1934 

196 7 

270.0 

1 967 

455. 7 

588,0 


132fl 

nEVPTA 


11.4 

195? 

JUN 

11 

3.5058 







1=64 

3 00,0 

544,9 

ESTIMATED 

1129 

EL’AMF 


11.5 

1962 

DEC 

2 

2.6175 

5 

6 

4 

1951 

1968 

5,0 

I960 

14.7 

17.2 


1330 

SPTPinPNTA 


11.6 

1951 

0 = 0 

20 

3.U51 

5 

6 

4 

1925 

1950 

-90.0 

1970* 

224, 2 

355. 1 


1331 

SCLVFJG 


11.6 

1933 

fCT 

15 

3. 1047 

2 

8 

B 

1926 

I960 

2 .9 

1967 

20.2 

30. 9 


1332 

MA PfONT A 


U .3 

1962 

DEC 

2 

3.0618 

5 

6 

7 

1939 

1964 

9.0 

1969 

21.9 

32.8 


1333 

CPVE^'OLA 


12,9 

1951 

DEC 

20 

2.6333 

5 

6 

7 

1934 

1957 

27 0.0 

l = 6P* 

5=6, 0 

705.6 


1334 

IUNHmapkA 


11.5 

1948 

«ay 

9 

2.9137 







1969 

300.0 

416.1 

ESTIMATED 

1335 

OEMPULINA 


15,0 

1962 

D=C 

2 

2.2424 

5 

6 

5 

1934 

1=54 

90.0 

1 954* 

222. 5 

200. 4 


1336 

7FE1 AVnU 


12. 1 

1 = 57 

JUN 

11 

2.8506 

5 

6 

6 

1 951 

1962 

-1.5 

196b 

10.7 

1 4. 3 


1337 

GFRA^OA 


12.3 

196? 

DEC 

2 

2.9096 

5 

6 

6 

1934 

1954 

-90.0 

196 = 

221.5 

306 * 6 


1338 

nijppMTA 


14.1 

1934 

DEC 

29 

2,26^0 

2 

8 

6 

1935 

1951 

-5.0 

1=66 

35. 3 

32.4 


1339 

desagmfauxa 


11.6 

1957 

JUM 

11 

3.0234 

5 

6 

6 

1934 

1962 

-7.4 

1969 

20.5 

30.1 


1340 

yvfttf 


12.6 

196 2 

PEC 

2 

3.1690 

5 

6 

9 

1935 

1953 

2. 1 

1968 

10.7 

16.8 


1341 

EOMFF 


12. 1 

1962 

DFC 

2 

2,^426 

5 

6 

6 

1949 

1964 

3.0 

1969 

1 ! . 9 

1 5.0 


1342 

pPAR ANTI A 


13.4 

196 2 

DEC 

2 

2.2008 

5 

6 

6 

19^5 

1964 

90.0 

1967 

167.0 

156.8 


1343 

NKOLE 


12.6 

193 5 

A PP, 

28 

2.5680 

2 

8 

12 

1=35 

1°60 

-7.1 

1968 

35, 3 

40. 1 


1344 

r AUBFTA 


14.1 

1935 

APP 

28 

2.2481 

2 

8 

6 

1935 

1962 

9.0 

1962* 

41.4 

37.5 


1345 

pnTO»AC 


10.8 

1968 

S=P 

1 

3.9827 

2 

R 

6 

1932 

1964 

-224.0 

1968 

395.4 

854.7 


1346 

Gr-THA 


12.5 

1947 

MAY 

15 

2.6304 

2 

P 

6 

1029 

1961 

-3.4 

1 = 69 

16. 5 

19, 5 


1347 

PATPTA 


12.2 

1951 

DEC 

20 

2.5743 

5 

5 

4 

1931 

1951 

-36.0 

19b6 

101,0 

115.3 


1348 

MICHEL 


12.2 

1951 

DEC 

20 

2.7921 

5 

5 

4 

1933 

1952 

7.2 

1966 

27, 3 

35. 5 


1340 

BE^^HUANA 


11.7 

1951 

DEC 

20 

3.0185 

5 

5 

6 

1930 

1950 

-396.0 

1969 

1328.4 

1943.5 


1350 

POSSEUA 


12.2 

1962 

DEC 

2 

2,8580 

5 

6 

5 

1934 

1962 

6.5 

I960 

17.6 

23.8 
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A-29 


S'^iTUS HF 


?8 


^JU^'8FO 


\^’n 

U7prKTSTAN!A 

1352 

3W?L 

1353 

MAfiPTJF 

135A 

POTWA 

1355 

mao^FOA 

1356 

MyANZA 

1357 

KWAWA 

1350 

OAIK A 

135«» 

P9TFSKA 

1360 

T APK A 

1361 

LFU^CHMFPI A 

1362 

98T0UA 

1363 

HFc'^EPT A 

1366 

5AFA0& 

1365 

19?B ®K 

1366 

p icr rti7 

1367 

1Q34 

1360 

MU^^THTA 

1360 


13'0 

H^LIA 

1371 

pFsr 

137? 

HAOpMAC 1 

1373 

c iP:r 1 MM ATI 

1376 

I sop A 

1375 

AlFCpOA 

1376 

vtcmflif 

1377 

nnBFF PAUXA 

1378 

j_pp»irp 

1379 

LnwrA’css9\;A 

13 80 

V3LoniA 

1381 

OAMUPTA 

1302 

G^P-^T 

1383 

1 TMpuor,! A 

1306 

kn^Fptjf 

1305 

r,CLF TA 

1306 

5Tnc EP ! A 

138“^ 

KAMA 

1388 

APHPPnlTF 

1389 

nUM! E 

1390 

A 8AFTU*<ANI 

1391 

CAPFLIA 

139? 

P IFOPF 

1393 

SOPAL A 

1394 

ALOrA 

1395 

A^TpppA 

1396 

nuTFMTQUA 

1397 

UMTA TA 

1398 

OrNMFPA 

1399 

TE'IERIpfA 

1400 

TIRELA 


MOTE 

A8MAT 

cpp(- 4 


t 

PLANETS 

popos ’T T ONS 

F FS7 nu/L 

L MT 

EfRrr SFP 

pcprp k*^3 


1 1 . 1 

1951 OFF 

20 

3 .1949 

5 

5 

5 

1935 

1953 

72.0 

1966 

19?. 2 

305. 8 


1? ,4 

1062 of: 

2 

2,7788 

5 

6 

4 

1 935 

1951 

1.5 

1968 

9. 9 

12,7 


11.2 

1957 jur: 

1 1 

3.0128 

5 

6 

R 

1950 

1964 

3.0 

1969 

13,2 

19.3 


12.2, 

J5N 

17 

3.1278 

2 

8 

6 

T 9 30 

1052 

-72.3 

1968 

190.8 

3 06,6 


13 .9 

1951 Off 

20 

1 .8531 

5 

6 

6 

1 9 35 

1955 

190.0 

1 96S 

435,2 

269.1 


11 .4 

1963 JUL 

30 

3.0813 

2 

8 

7 

1935 

1963 

4.2 

1969 

12.7 

1 2 


10 . 7 

1948 MCV 

25 

3 . 1. 2 

2 

a 

3 

1935 

1947 

“4,3 

1960 

24.4 

3 9.9 


12.9 

196? OFf* 

2 

2.4 749 

5 

6 

6 

1951 

1966 

?.o 

1966 

11.9 

12.7 


U .0 

19S7 JUM 

11 

3.1 1 66 

5 

6 

fr 

1939 

1063 

-7.7 

19 69 

2 1.1 

3 2.4 


12.5 

1951 DF^ 

20 

2. 6334 

5 

6 

4 

1 935 

1957 

90.0 

1 969 

205.4 

243.2 


12.0 

1935 SEP 

15 

3.0872 

2 

8 

8 

1935 

1961 

-6.4 

I96l« 

3 1.4 

4 7,4 


U . 5 

1941 Ja^; 

6 

3.2 80'' 

2 

P 

6 

1935 

1956 

2.7 

1965 

le. i 

29. a 


12.7 

1951 OFC 

20 

2.9006 

5 

5 

5 

1935 

1954 

72.0 

1968 

186.7 

257.2 


12.0 

1962 

2 

7.0118 

5 

6 

7 


1°60 

4.4 

1066 

14, 4 

2 1.0 


13.3 

1923 sop 

11 

2. 24P7 

2 

8 

1 1 

1 928 

196 2 

-3.9 

19 69 

28.6 

25.9 


11 .3 

1962 DEF 

2 

2.8740 

5 

6 

8 

1939 

1966 

- 3.2 

1966 

u.l 

15.1 


14. 3 

1962 he: 

2 

2.3443 







1955* 

320030. 0 

311790,0 LOST 


12.0 

1951 OPC 

20 

2. 5220 

5 

6 

6 

1 94 0 

1963 

100.0 

196® 

501.3 

553.0 


11.5 

1.962 HEF 

2 

3.1089 

5 

6 

8 

1939 

1067 

-90.0 

196® 

1 56. 4 

23°, 1 

1 

IP .0 

1935 <FP 

15 

2.2511 

2 

B 

1 

1935 

1935 

-4 .0 

1935* 

64 3000.0 

580347.4 LOST 


12 .4 

1962 OFC 

2 

3.2137 

5 . 

6 

5 

1933 

106 8 

10.6 

1 96B 

22.5 

36 . 1 


12. e 

1968 n?r 

30 

2. ^6^4 

2 

,8 

P 

19 35 

1969 

6 .0 

1969 

13,5 

17.3 


14 ,3 

1941 JAN 

6 

3.41U 

2 

8 

1 0 

1935 

194 9 

-5.8 

1 949* 

29.6 

51.7 


14 .8 

1951 MFC 

20 

2.2506 

5 

6 

4 

1935 

1955 

°0.0 

1967* 

221.6 

200. 9 


12.9 

1962 OFF 

2 

2.4476 

5 

6 

7 

1939 

1968 

5 .0 

1969 

14.4 

15.1 


13.8 

1962 DF'" 

2 

2,2277 

5 

6 

n 

19 35 

195 9 

“90.0 

1 968* 

198.3 

1 76.5 


14.3 

1950 AP7 

29 

2 .2602 

2 

A 

3 

1936 

10 5 3 

1 .3 

1967 

13.9 

12.7 


13.3 

l96-> OFF 

? 

2.-^755 

5 

6 

5 

1940 

1962 

9.2 

1969 

2 4.2 

24.2 


1 2.2 

1962 OFF 

2 

2.5267 

5 

6 

6 

1940 

1065 

- 0.0 

I9 60 

25. 2 

27,9 


13.2 

1936 MA® 

13 

3. 1454 

2 

8 

2 

1 936 

1930 

6 .5 

1966* 

1 39. 0 

216.2 


13.0 

lO'^l OFC 

20 

2.4917 

5 

6 

6 

1934 

1952 

27 0.0 

1969 

7 14.4 

77 ?,4 


13,6 

1962 OFi" 

2 

2.2202 

5 

6 

6 

1936 

I960 

5 ,8 

I960 

16,0 

14.2 


12,9 

1951 OFC 

20 

3.0756 

5 

6 

5 

1934 

19b? 

-180.0 

1962* 

3 4 2.6 

515.5 


1 2.9 

1951 OF'- 

20 

2.6768 

5 

6 

5 

1941 

196 3 

-lao.o 

1969 

369. 0 

448.4 


12.0 

1951 of: 

20 

2.7409 

5 

5 

5 

1941 

1956 

7 2.0 

1966 

196,1 

?47,4 


14.6 

1935 

6 

2.3662 

2 

8 

1 

1935 

1035 

-9.9 

1949* 

400.9 

396.4 


14. 4 

ia?5 AU9 

26 

2.2583 

2 

a 

3 

1°35 

1962 

6.2 

1969* 

33. 3 

30. 3 


12.0 

1951 OFC 

20 

3,0178 

5 

5 

5 

1943 

1953 

-108.0 

1966 

375,6 

549.2 


12.5 

1951 OFC 

20 

2,8659 

5 

6 

6 

1935 

1952 

90.0 

1969* 

2 52.2 

341,0 


lb. 1 

1966 A US 

3 

3. 4345 

2 

S 

9 

1935 

1966 

2.8 

1966 

8.9 

15.7 


13.0 

1940 JAN 

12 

2.5490 

2 

8 

4 

1 936 

1957 

8.0 

I960 

3 5.4 

39,8 


13.0 

J03H <;co 

19 

2.6085 

2 

0 

5 

1936 

1959 

4 .0 

1969* 

24.6 

2 8.7 


13,2 

1951 Off 

20 

2.4942 

5 

6 

u 

1 936 

1959 

100. 0 

196'* 

78'^. 2 

400.4 


12.9 

1951 OFC 

20 

2.4380 

5 

6 

6 

1940 

1959 

90.0 

1966 

205.9 

30P.6 


12.8 

1936 A US 

23 

3. 2007 







1966 

3 00,0 

479.5 ESTI'AATED 


13 . 1 

1062 OFC 

2 

2. 2402 

5 

6 

9 

1936 

1963 

-90.0 

1969 

1 73.2 

15 6.7 


1 2 . 8 

1951 OEC 

20 

2. 6829 

5 

6 

P 

1949 

1962- 

90.0 

1962* 

2 79,0 

340. 3 


11 .5 

1962 OEC 

2 

3.1582 

5 

6 

7 

1936 

1958 

“4,1 

1969 

14.1 

22.0 


15.3 

1936 SEP 

9 

2,2160 

2 

8 

2. 

1936 

1956 

-5.6 

1969* 

33.7 

' 20.7 


13.0 

1962 OEC 

2 

3. 1141 

5 

6 

2 

1936 

1968 

3,3 

1969* 

10.7 

16.4 
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OS“V 


S^aTijS MU*0PFCFD *^IKT0 coH^Mcp r I'lp «; 


29 


igyM^cp 


►•pTE 4PMAG 


FOPCH 


A 

planets 

f3ppP5r tTPWs 

PE SIDUAL 

LAST 

fpp'^p $cr 

gpp.pp 

1401 

L4VrVN=’ 

12 ,9 

1962 

DEC 

2 

Z,22eh 

'5 

6 

4 

1935 

1964 

90 .0 

1965 

168.0 

149.3 

1402 

cp T 

14.6 

1936 

AUG 

20 

2.6o;7 9 

2 

R 

2 

1936 

1949 

-3.4 

1 040 * 

2P.0 

34. 1 

1403 

inFLSC'^’Ii 

13.7 

1936 


9 

2.7197 

2 

8 

1 

19 36 

1936 

-2,9 

1966 

123,4 

153,9 

1404 

a ,iflx 

10,3 

1954 

J«N 

6 

5.20P8 

2 

8 

6 

1936 

1964 

2,6 

1964 

8,7 

76,5 

1405 

1936 ®F 

14.4 

1936 

»^CT 

19 

2,2515 

2 

8 

2 

1 936 

1951 

6,1 

1968* 

39, 1 

35.4 

1406 

KPMPPfl 

1 ? .6 

1942 

JAN 

1 

2.6971 

2 

8 

4 

1936 

1958 

0.6 

1969* 

33,0 

41.6 

1407 

L^NOFIPF 

12.4 

195 7 

JUN 

11 

2, "653 

5 

6 

4 

194'^ 

1954 

-9.0 

1°6« 

53.9 

69,0 

1408 

TPUSAMD^ 

12.1 

1962 

DEC 

2 

3. 1109 

5 

6 

4 

1936 

196 7 

-1 ,6 

I960 

8.4 

12.8 

1^09 

! SKP 

11 .8 

1966 

Moy 

U 

2.6759 

2 

9 

0 

1937 

1966 

5.4 

1969 

13.9 

16.9 

1410 

MfiPOOF’’ 

12. 5 

1962 

of: 

2 

3,0209 

5 

6 

7 

1937 

1950 

90,0 

1969* 

202.6 

296, 7 

1411 

RP4UMA 

12.0 

196 2 

DEC 

2 

3.0042 

5 

6 

6 

19 37 

1956 

90.0 

1966 

2 18.6 

317.5 

1412 


13.7 

1937 

JAN 

27 

2.214-' 

2 

8 

q 

IC 37 

I960 

- 5.8 

19"'0* 

32, 6 

28." 

1413 

PHUraPTF 

12.5 

1953 

FEP 

12 

3.0219 

2 

8 

4 

1937 

1964 

-3.5 

1969 

14. 

20.0 

1414 

JFPnMF 

13,8 

1937 

MAO 

8 

2,7844 

2 

8 

2 

1937 

1951 

2,0 

1951» 

2 0.8 

26.9 

1415 

MALJSUTPA 

13-5 

l®62 

DEG 

2 

2.2232 

5 

6 

B 

1 938 

1057 

6,6 

L967 

21,9 

19,4 

1416 

pcwauxa 

U .0 

1962 

DEC 

2 

3,0189 

5 

6 

9 

1940 

1961 

-6.9 

1969 

19.5 

28.6 

1417 

WALia'FKr a 

12.4 

1962 

DEC 

2 

2,9737 

5 

6 

4 

1937 

1=63 

-4.4 

1968 

13. 6 

10,4 

1418 

F4VFTA 

13.1 

’962 

DEC 

2 

2. 2410 

5 

6 

6 

1937 

1967 

9.8 

1969 

22,9 

20.6 

1419 

04M7IG 

n ,8 

1964 

Npy 

1 

2,2932 

2 

8 

6 

1930 

1964 

-2.7 

1964 

10,7 

10.0 

1420 

940CL TFFE 

12, 9 

1962 

OEF 

2 

2 ,74P4 

5 

6 

R 

1931 

196'' 

l®o,n 


300, 7 

331. 1 

1421 

AMTO 

U -5 

1962 

OEP 

2 

3.0906 

5 

' 6 

4 

1936 

1955 

4,5 

1969 

16,3 

24.6 

1422 

STprMr,PFNi A 

13.0 

194 3 

OCT 

3 

2.2472 

2 

8 

4 

1936 

1963 

6.= 

1063 

20. 9 

26. 1 

1423 

JOSF 

12.6 

1951 

DEC 

20 

2.8590 

5 

5 

6 

1939 

1954 

-180.0 

1968 

500.7 

674,6 

1424 

SUNOMANIA 

10 ,0 

1957 

JUN 

ll 

3.1843 

5 

6 

6 

1937 

196 2 

-2.9 

1968 

12.2 

19.3 

1425 

TUD®lA 

12.9 

1937 

MAY 

27 

2.6113 

2 

0 

5 

1*3'' 

1958 

3.P 

I06ft 

25,4 

29.7 

1426 

1937 r>F 

1 <■ . 2 

1937 

AOR 

17 

2.5008 

2 

8 

14 

1920 

1959 

-35.3 

1967 

03.1 

95.7 

1427 

PIJVUMA 

12.0 

1942 

Npy 

17 

2.7499 

2 

8 

5 

1937 

1957 

4 5,6 

i960 

I 36. 0 

173,5 

142P 

MnMpftsa 

11.6 

1^5^ 

JUN 

11 

2. 0092 

5 

6 

4 

1949 

1956 

I 1 .6 

1961 

51.8 

67,9 

1429 

P=MPA 

13.4 

1962 

DEC 

2 

2.5483 

5 

6 

6 

1937 

1957 

180. 0 

1966 

411.0 

46L.2 

1430 

1937 NK 

13-3 

1951 

OFF 

20 

2.5581 

5 

6 

5 

1937 

1^62 

270.0 

1966 

527,6 

505.9 

1431 

1937 na 

12,6 

196 2 

DEC 

2 

2.M90 

5 

6 

6 

1937 

1953 

90.0 

1967 

247.7 

290.7 

1432 

ETHTOPI A 

13.4 

1962 

DEC 

2 

2,3009 

5 

6 

4 

1939 

1959 

2.0 

1969 

10,6 

10.6 

1433 

GP9AMTT^J4 

12.9 

195'^ 

JUN 

ll 

2, 7P71 

5 

6 

4 

1950 

1955 

47,6 

19679 

245. 1 

317.4 

1434 

M8RGnT 

11-5 

1962 

DEC 

2 

3,0183 

5 

6 

6 

1951 

1964 

90.0 

1969 

199.3 

291.5 

1435 

GAPIFNA 

14.8 

193'" 

JAN 


2.64''l 

2 

0 

2 

1936 

1933 

-2.8 

1=38* 

66.4 

'"9.2 

1436 

1936 va 

U ,5 

1951 

DEC 

20 

3.1494 

5 

5 

6 

1940 

195? 

-108.0 

1967 

350.3 

545,7 

1437 

otpmfofs 

9,2 

1964 

JAW 

26 

5.0826 

2 

8 

9 

1937 

1963 

2.4 

1 96P 

8. 5 

25, 1 

1438 

WENDFLINF 

12.8 

1051 

DEC . 

20 

3.1901 

5 

6 

3 

1931 

1939 

180,0 

19394 

1020.7 

1620, 2 

1439 

V'^GTl A 

11.2 

1962 

DEC 

2 

3.9810 

5 

6 

4 

1937 

1950 

.5 

1969* 

6.5 

13.9 

1440 

QnsTT A 

12,9 

1962 

DEC 

2 

3.152'' 

5 

6 

2 

1937 

l°54 

45.0 

19 54* 

121. 0 

loO.O 

1441 

8PLYAI 

14.2 

1941 

OPT 

13 

2.6320 

2 

0 

4 

1937 

1954 

-3.9 

1954* 

24.2 

28. 6 

1442 

:pcvina 

12.6 

1965 

AUG 

28 

2.8745 

2 

8 

9 

1937 

1966 

-90.0 

1968 

1 59.9 

217.2 

1443 

»HDO TMA 

12.4 

19313 

FE0 

n 

2.'»3Q5 

2 

8 

•> 

1937 

1956 

29.2 

1969 

107.4 

151.0 

1444 

193P AF 

12.2 

1951 

DEC 

20 

3.1638 

5 

6 

3 

1938 

1950 

90,0 

1969 

3 08.2 

483 ,4 

1445 

KOMKOLYA 

12.0 

1951 

DEC 

20 

3.1143 

5 

6 

6 

1938 

1964 

90.0 

1060 

174. 5 

26T.3 

1446 

1938 PA 

14.0 

1933 

FE8 

ll 

2. 2460 

2 

8 

3 

193 8 

1958 

2.3 

1969* 

21.8 

19,7 

1447 

UTPA 

12.9 

1951 

DEC 

20 

2.5348 

5 

6 

6 

1938 

1959 

90.0 

I960* 

2 02.2 

224,9 

1448 

L IVORLAO JA 

14.4 

1942 

MAP 

22 

2.3722 

2 

8 

3 

1938 

1949 

-3,1 

1966 

24.7 

24,6 

1449 

VIPTAMFN 

13.0 

1938 

MAP 

23 

2.2220 

2 

8 

5 

1938 

1956 

5.6 

1969 

33.5 

29,7 

1450 

PAIMOMDA 

12.6 

196 2 

DEC 

2 

2.6112 

5 

6 

8 

1934 

1066 

-9.6 

1968 

22. 1 

25.8 
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N1JM=\F0 

N AM F 

NPTP arm AG 

EPOCH 



PLANETS 

QocnsxTTCNC 

FFSIDUAL 

LAST 

6 OFOP S=C 

FOSPR KM3 

1451 


13.9 

10 ? 8 

MAQ 

23 

2.2034 

2 

8 

3 

l«33 

19 6 2 

-6.1 

' 1 = 64 

32.4 

29.3 

U52 

1938 071 

13.1 

1949 

MAO 

25 

3.1108 

2 

a 

3 

1935 

1954 

-9.7 

1 969* 

34 . 3 

52.5 

1453 

FFNNIA 

13,8 

1965 

9fT 

7 

1.8969 

2 

8 

10 

1 938 

1965 

4.3 

1965 

15. 0 

= . P 

1454 

1936 on 

14,3 

1940 

APR 

21 

2, 3649 

2 

B 

4 

1 936 

1961 

3 .B . 

-1965 

26.2 

25.9 

1455 

MITfWFLLA 

14 .5 

1962 

DEC 

2 

2. ?463 

5 

6 

5 

1937 

1947 

-90.0 

1968 ' 

366.5 

331.1 

1.4 5ft 

1^37 ^0 

11.9 

196 3 

OEC 

2 

3.1940 

5 

6 

6 

1*537 

1960 

-= 0.0 

1966 

10=,2 

300.9 

145T 

ANKA PA 

12.5 

1951 

OFC 

20 

2.6970 

5 

6 

7 

19 47 

1963 

90.0 

1969 

239.6 

294.7 

1458 

M!»'FUPA 

12-5 

1951 

DEC 

20 

2.6252 

5 

6 

5 

IR ?0 

1 = 62 

-180.0 

196 7 

5 79. 1 

6P2. 1 

1459 

MAOVYA 

12.0 

1962 

DEC 

2 

3. 1563 

5 

6 

7 

1 93 7 

1965 

180.0 

1968 

320. 3 

500, 6 

1460 

1937 wr 

13.8 

1941 

on 

13 

2.5410 

2 

0 

> 

1937 

1953 

-3.7 

1969* 

24.1 

26.9 

1461 

J FA»'- JACOUES 

10.8 

1957 

Jl'^l 

ll 

3.1242 

5 

6 

8 

1 = 51 

1 = 6 3 

-7.1 

196P 

23.2 

35.8 

1462 

7 AMCNHrp 

12.2 

1938 

FFR 

11 

3. 1450 

2 

8 

2 

1939 

196 1 

-?0,7 

1969 

73.8 

U4.8 

1463 

NOOPENMAPKIA 

12.1 

1957 

JUM 

1 1 

3.1354 

5 

6 

7 

1938 

1958 

B.9 

1969 

26.2 

40.6 

14 64 

A®mt STICIA 

12.4 

19 39 

of: 

3 

3. 001 8 







1968’^ 

3 00.0 

' 435.3 

] 4 65 

aut^nt-ma 

12.2 

19*=^? 

JUN 

1 1 

3.02"‘9 







■ 1966 

R JO.O 

440 . 1 

1466 

« 0 NPLFB la 

14.1 

1938 

MAY 

22 

2.3774 

2 

e 

4 

1923 

1953 

-4,0 

1 = 67 

22. 5 

22.4 

Kft*' 

MASHOMf 

9,9 

1957 

JUN 

U 

3. 3610 

5 

6 

9 

194 8 

1963 

5,9 

1968 

19.0 

32,8 

1468 

Zrwp A 

14.6 

1951 

SEP 

11 

2-19E6 

2 

6 

2 

1933 

1951 

-3.0 

1951* 

19. 8 

17.2 

1469 

L IN7TA 

11,0 

1951 

OFC 

20 

3 . 1 248 

5 

5 

4 

19 42 

1 = 53 

180.0 

1966 

997,4 

920.0 

1470 

C AC L A 

12.3 

196 3 

DEC 

2 

R . 1 599 

5 

ft 

7 

1938 

1 = '^5 

-180. 0 

1 966 

460.6 

721.1 

1471 

1*538 SLl 

12.4 

19? 8 

nr T 

29 

2.7164 

2 ' 

6 

9 

1931 

1963 

- ".4 

196 = 

30, 0 

37 . 3 

1472 

I 03 R uo 

14.0 

1939 

MOV 

18 

2. 2339 

2 

6 

5 

1931 

1954 

-3.3 

1968* 

23,4 

20.9 

1473 

1938 ur 

13,6 

1942 

NOV 

17 

2.5742 

2 

0 

3 

1938 

1 954 

2.5 

I96ft 

19.7 

22.5 

1474 

PFI® A 

13,0 

1041 

JAN 

6 

2.7329 

2 

8 

4 

1935 

1950 

45.5 

1968* 

157.4 

197.6 

1475 

YALTA 

14.2 

1941 

JAN 

6 

2.3405 

2 

e 

3 

1935 

1953 

, -6.3 

1966 

31.2 

30.5 

1476 

193 6 PA 

14,9 

1962 

OEC 

2 

2.2616 

5 

6 

5 

1936 

195 7 

90.0 

1=6^* 

2 07. 9 

193.1 

1477 

RONS n^^PPFT A 

12.4 

1942 

on 

8 

3. 1756 

2 

8 

4 

1 938 

1955 

-4.1 

1967* 

2 3.2 

36.5 

1478 

V’HlfPI 

13.6 

1938 

FPR 

11 

2.4640 

2 

3 

4 

1938 

1961 

6.9 

I960 

34.2 

36.3 

1479 

INKPOT 

12.5 

1938 

MAP 

3 

2.6^54 

2 

8 

9 

1^23 

1 = 60 

- = .2 

l°6 = * 

31.4 

38. Z 

1480 

AUMDS 

14 .4 

1938 

MAR 

3 

2.2023 

2 

6 

4 

1936 

1951 

-14.4 

1969 

- 74.5 

64.9 

1481 

TUP! NO! A 

11.9 

1951 

PEC 

20 

3 .0183 

5 

6 

5 

1933 

1959 

180.0 

19 67 

369,4 

539.0 

1482 

S5PAS7TA^‘A 

12.2 

1962 

DEC 

2 

2. 3728 

5 

6 

7 

193 3 

196 4 

-11.9 

1969 

27,1 

36.7 

1483 

HAKDHA 

12,7 

1951 

PEC 

20 

2.7178 

5 

6 

5 

1938 

1956 

90.0 

1969 

223.9 

278. P 

1464 

posree^A 

12.3 

1968 

PFC 

10 

2.T347 

2 

8 

P 

1938 

1=68 

-2.6 

1969 

R. 2 

10.4 

1435 

t 5A 

12,6 

1962 

OFC 

2 

3. 0268 

5 

6 

4 

1 938 

1954 

-2.1 

1965 

10.9 

16.1 

I486 

MAPTLYN 

14.6 

1938 

AUG 

30 

2.1988 

2 

8 

9 

1938 

1964 

4.7 

1964 

27. = 

24.2 

1487 

OODA 

U .6 

1951 

FFP 

3 

3. 1360 

2 

9 

5 

193 6 

1951 

7.2 

1962 

31.0 

48.0 

1488 

19?P XF 

12.1 

1930 

MAY , 

17 

3.0309 

2 

e 

6 

1 9?fl 

1955 

-4.8 

1969 

28.0 

4 1 .4 

1489 

1939 GC 

13, 1 

1939 

MAY 

17 

3.1 740 

2 

6 

4 

1=39 

1950 

14.5 

1 = 67 

77.3 

121,8 

1490 

L iMPpop 

• 12.8 

1962 

OEC 

2 

2.3521 

5 

6 

5 

1937 

1954 

7,2 

1969 

?4.9 

24.4 

1491 

RALOUTNUS 

12.7 

1962 

DEC 

2 

3,1917 

5 

6 

4 

1=50 

1961 

-] 3,8 

1961* 

40.4 

64,2 

1402 

POPPL ZEP 

14.4 

1=41 

FF8 

15 

2. 1727 

2 

a 

5 

1938 

1957 

-5.6 

1964 

30.6 

26.0 

1493 

STOP. 10 

12.7 

1962 

OEC 

2 

2.4305 

5 

6 

4 

1949 

1957 

3.4 

1 = 68 

17.6 

18.3 

1494 

SAVC 

14.0 

1940 

AFF 

21 

2, IP=05 

2 

8 

4 

1=38 

1951 

-2?. 2 

- 1969 

1 2 2.5 

105.** 

1495 

1938 <M 

13.5 

1941 

MAR 

27 

2,6394 

2 

8 

6 

1938 

1963 

-1 7.2 

1968 

57.4 

68.2 

1496 

TIJPKU 

n,9 

1938 

ncT 

29 

2.2055 

2 

8 

8 

1938 

1957 

-4.1 

1967 

28. 2 

24.7 

1497 

193P SRI 

13 .0 

1938 

Of T 

9 

2.8941 

2 

8 

6 

193 3 

196 2 

5.5 

1968 

26. 1 

35.8 

1498 

1938 SKI 

13.1 

1938 

OCT 

9 

3.0944 

2 

8 

2 

1938 

1954 

1.5 

1954* 

17,3 

26.2 

1499 

1938 UF 

12.*^ 

1942 

AUG 

29 

2.6706 

2 

8 

■“ 5 

1 = 38 

1=55 

-6.6 

1967 

31. « 

38.5 

1500 

1938 UH 

14.5 

1943 

MAR 

17 

2.2422 

2 

6 

■ 5 

1938 

1958 

-3.9 

1958* 

23,3 

21.0 


r STI«M=D 
5STT«ftTED 
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STATUS HP NUMPFRED PLAN'^T fP HE'''^F I OF <: 


Muv^^cp 

NAME 

F'pTE ««M«G 


FOPCH 



ISO! 

1938 UJ 

n.7 

1933 

OCT 

29 

2,5^71 

IS02 

*OF*.‘Tip 

13. ft 

1957 

JUN 

ll 

2.7321 

1S03 

1933 xn 

11.9 

1933 

OEf 

28 

2.6263 

1S04 

I 93 9 F M 

13.0 

1939 

t PR 

7 

2.3988 

1505 

K^9^ NNA 

12.5 

1939 

may 

17 

2.6586 


XOS/* 

13.3 

1962 

OFC 

2 

2.5667 

1507 

1939 pn 

14,7 

1939 

PCT 

4 

2.3315 

15 0a 

1938 UO 

13.2 

1962 

OFC 

2 

2. 7682 

15 00 

FSCLAMOnMA 

14. 1 

1957 

JUN 

11 

1.8664 

1510 

1939 nr 

12.6 

1951 

de: 

20 

2.6695 

1511 

OAIcoa 

14 .2 

1950 

MAO 

20 

2,3579 

15 12 

0»JU’ 

10.5 

1942 

NOV 

17 

3.9332 

1513 

1940 P? 

14.5 

1940 

may 

31 

2. 1928 

1514 

0 »rruxA 

13.6 

1951 

PEC 

20 

2,2405 

1515 

1936 VG 

14,0 

1936 

NPV 

28 

2.5659 

1516 

1 938 PG 

13.0 

1953 

nrt 

30 

2,6728 

1517 

ppor-PAO 

12.2 

1951 

PEC 

20 

2.7174 

1515 

1938 UA 

13.8 

1939 

rrr 

29 

2. 2255 

1510 

193 8 UP 

12-4 

1-960 

ncT 

13 

3,1432 

1520 

1933 UY 

U. 7 

1 93 3 

OFC 

8 

3.1072 

1521 

1938 UBl 

13.3 

1933 

7'PV 

18 

2.8503 

1522 

193ft WO 

13.7 

193 8 

DEC 

8 

2.3679 

1523 

1939 PC 

13.4 

1949 

JAN 

24 

2.2422 

1524 

193" SB 

12.0 

196 2 

OFC 

2 

3. 1 100 

1525 

i"39 sr 

13.7 

19?9 

OFC 

3 

2.6955 

1526 

1939 TF 

14.8 

1939 

prT 

24 

2.3152 

1527 

V^LMOUI STA 

13.7 

1962 

OFC 

2 

2,2274 

152« 

CONFA DA 

13.6 

1962 

DEC 

2 

2.4 146 

15 20 

1938 

11.3 

1933 

FFB 

11 

3.9976 

1530 

193 8 SG 

14.6 

1938 

"CT 

9 

2,2487 

1531 

I93fl SH 

13 .1 

1957 

JUN 

11 

2. 6294 

1532 

1930 5W 

11.9 

1951 

DEC 

20 

3.0056 

15 33 

193" pn 

U.9 

1962 

of: 

2 

3.0191 

1534 

1939 PK 

13.0 

1957 

JUN 

11 

2.7321 

1535 

1939 PC 

12.9 

1939 

PCT 

4 

3.1519 

1536 

1939 SF 

14.6 

1939 

OCT 

24 

2. 2044 

1537 

1940 OA 

13.2 

1957 

JUN 

ll 

3.0459 

153ft 

1040 PF 

15.6 

1940 

NPV 

27 

2.3610 

1539 

1940 UP 

12.1 

1957 

JUN 

11 

3.141? 

1540 

1938 WK 

n .9 

1957 

JUN 

ll 

2.8513 

1541 

FSTPMTf 

12.6 

1939 

MAP 

18 

2, 7691 

1542 

1941 ce 

U.8 

196? 

DEC 

2 

3.0918 

1543 

1941 SJ 

13, 7 

l°4l 

SEP 

3 

2.627q 

1544 

vtntfphansenia 

13.0 

1941 

NOV 

2 

2,3735 

l'^45 

1941 l-W 

12.9 

1941 

OCT 

13 

2.7718 

1546 

1941 SGI 

11.8 

1962 

oe: 

2 

3. 1674 

1547 

1929 fZ 

12.8 

1944 

AUG 

5 

2.6455 

1548 

PALCMAA 

12. 6 

1935 

JUL 

17 

2.7886 

1549 

WTKKO 

13.7 

1937 

MAR 

28 

2.2305 

1550 

TTTP 

13.6 

1937 

PFC 

13 

2.5403 


planets 

Ocor$i TinvS 

PESTHUAL 

LAST 

ccBOc SEC 

pPBfiP YM3 

2 

8 

4 

1 930 

1950 

-3.3 

1950* 

22.4 

25.1 

5 

6 

6 

1951 

1°60 

-5.1 

19 6" 

21.9 

27,5 

2 

6 

10 

1935 

1961 

-3.7 

196? 

22,9 

27.0 

2 

8 

6 

1939 

1955 

-6.0 

1965 

34. 0 

35.3 

2 

8 

5 

1939 

1956 

4.4 

1967 

27.8 

33,4 

5 

6 

5 

1939 

1968 

-4.4 

196B* 

13.2 

15.0 

2 

ft 

2 

1939 

1957 

- 1.0 

1964* 

20. 0 

19.3 

5 

6 

4 

1935 

1958 

1 .6 

1967 

9.1 

llo6 

5 

6 

5 

1948 

1957 

-2 3. 1 

1965 

84.2 

52,9 

5 

6 

4 

1950 

1954 

100 ,0 

1957 

U79.0 

1426.7 

2 

8 

5 

1928 

1955 

4,4 

1968 

19,5 

19.2 

2 

8 

9 

193" 

1965 

4.3 

1966 

2 0. ■’ 

43.9 

2 

8 

4 

1940 

1953 

16.0 

1963 

70,0 

67.5 

0 

0 

4 

1939 

1953 

-90.0 

1966 

267.3 

240,3 

2 

8 

1 

1936 

1936 

-2.5 

1950* 

108,7 

123,4 







1966 

300,0 

352.9 

5 

6 

9 

1934 

1958 

-130.0 

196^ 

3®3. 9 

477.0 

2 

8 

B 

1928 

1960 

7.4 

I960* 

31.2 

27.7 

2 

8 

4 

19?, ft 

1960 

5.0 

1966 

16-1 

25 .0 

2 

8 

T 


1960 

30.1 

l"65 

103. 5 

158.0 

2 . 

8 

3 

1933 

1959 

2,9 

1969 

19.9 

26.7 

2 

8 

4 

193ft 

1956 

-4.4 

1967 

2P. ft 

2P.5 

2 

8 

6 

1939 

1957 

13,0 

1964 

43.0 

38,7 

5 

6 

5 

1931 

1966 

-6.9 

1969 

17.0 

26.0 

2 

0 

4 

19 30 

1957 

-3.4 

l"61* 

20.6 

25.3 

2 

ft 

2 

1 '? 39 

1953 

3.3 

1967* 

*6.5 

25.3 

5 

6 

4 

1"32 

1965 

- 8.1 

1969 

20.6 

10.3 

5 

6 

5 

1929 

1955 

90,0 

1967* 

200.0 

205. 1 

2 

8 

4 

1938 

1952 

-3.9 

1968* 

26.0 

56.5 

2 

8 

3 

1938 

1965 

3.9 

1°65 

25. 2 

22.9 

5 

6 

4 

1951 

196 L 

-1 3.4 

196 7 

42.2 

49.8 

5 

6 

5 

1936 

1961 

180.0 

1969 

361.2 

525.1 

5 

6 

5 

l"36 

I96 0 

90.0 

1967 

185.4 

271.4 

5 

6 

5 

193? 

196 2 

180,0 

196? 

342.3 

429-8 

2 

8 

3 

1933 

1956 

-4.1 

1966 

22. 5 

35. 1 

2 

8 

6 

1903 

1957 

-4.6 

1967 

22.5 

19.6 







1967 

3 00.0 

444.8 







1969* 

300,0 

295.9 

5 

6 

4 

1951 

1959 

5.4 

1966 

23,5 

36.5 

5 

6 

4 

1938 

I960 

6.9 

l"64 

21. 1 

28, 3 

2 

a 

8 

1939 

I960 

102, ft 

1969 

330.4 

423.7 

5 

6 

4 

1951 

1963 

7.4 

1968 

22.0 

33.4 

2 

8 

4 

1911 

195ft 

-1 1 .7 

l°58* 

33.2 

39. 2 

2 

8 

6 

1919 

1952 

18.6 

I960 

52.3 

52.1 

2 

8 

3 

1941 

1952 

-33.3 

1955* 

157.0 

201.6 

5 

6 

6 

1935 

1952 

18 0.0 

1959 

492.4 

77 3.5 

5 

5 

6 

1929 

1953 

-19.8 

1960 

56.5 

6 7.4 

2 

8 

8 

1935 

1959 

3.8 

l"6fl* 

24.9 

32.3 

2 

8 

6 

1937 

1962 

2.5 

1965 

22.1 

19,7 

2 

8 

ft' 

1935 

1959 

10-9 

1965 

44. 8 

50.3 


5^TI«flTEO 


estimated 
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1969 

12.0 

12.5 

2 

9 

3 

1931 

I960 

2.2 

1968* 

7.4 

10. 1 

2 

9 

3 

1952 

1969 

1.5 

1969* 

6.7 

7*8 

2 

9 

5 

1930 

1963 

-3.1 

1963 

11.4 

17.4 

2 

Q 

6 

1905 

1964 

-6.4 

1«»64 

17. 0 

20. 0 

2 

9 

4 

1052 

1960 

-.7 

I960 

a.o 

12.? 

2 

9 

3 

1950 

1969 

t.O 

1969* 

9. 1 

7.7 
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EXPLANATTTN '^F HEPDIMr,’; I V! /g-'VF T/'FIF 

MUWBEP =t>FPMAMEMT '^UW®FO A^^'^^GNEP TO ThE MTKjpr PLANET. 

NAME :=PFPMANFNT NAME, TF A'^'^TrrNFO. 

^thFFWTSF THE TFMPOPAPY OESTGNATTON, 

NOT? = L OFNOTFS THE M7NT® PLANET IS L'^ST. 

F pFNOTES NP PEPTUPPATTONS IN EPH«^MPF!S CALCULATIONS. 

AB^ag =PPIGHTMESS OF THE ^'INTp plA^'FT AT ONE A STR nMriv t c a UNIT 

FPPN SUN AND EA^tj-, IN ASTPONTMITAL MACr*! '^Ur'E S. 

EPF*CH =YFfiP, M^MTH AND DAY np THE E^nrn FTP THE PPPIT, 

t =SPMI"MAjrc AXIS HF the 0 R?TT IP* A $ TR TNC” ! C A I UNITS. 

PLANETS =MUMRFPS TF t^NCRMP^T AND '^'JTcpMQjy MAJOR PLANETS USED IN 
PEPTURBATITN C A LCUL A tj ofjj pp jHE QFBIT 0= T Ef’M I N A T I CN. 

1 ME*^'“UPY ^ wftar 7 ijRfNUS 

2 VFM’.JS 5 JUPITER f> NEPTUNE 

3 FARTh fy satui;n q RLU'^0 

npprSITinNS=THE N'JMPER CF poorSITTHNS, THE YEAR OF THE FIRST 

OPPpsiTfOM and the YFAR pf TMF LAST nppPSTTTPM 
USED IN THE ORRIT DETERMINATION. 

PBSIDUAL =MAX^mum PESTOUAL SECONn*; CF ABC TN RIGHT ASCENSION 
FROM THF ORBIT DETERM’ NATI 3N' AS PFOr]BTE0 IN 

*fphfmfdides of MINOP ^LANETSf. 

LAST =YEAP OF last KNOWN CP 5 ERVA t T nfj, 

AN asterisk indicates the MINOF olANFT IS ON THE 
CR^TT^AL list pp those NEEDING orj icr,v A T »PN . 
fpppD SEC =ESTT«ATED EPmem'^P^S UNCERTAINTY IN SEC pNDS np arc AS 
S=EN from the earth. 

MPTWpD OF estimation is PUTLINEO BELOW. 

FRppB kH3 =FSTIMAtfd ephemepts uncertainty in space. 

EXPOESSFP IN THOUSANDS CF KRCHETEPS. 

A SHPPT remark PFRTATNING TO AN INDIVIDUAL MINOR PLANET MAY APPEAR 
TP THF RIGHT OF THE LAST HEADED COLUMN. 
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OP PLftNFT E^HF^'F^^OFS 


MFTH'^n u?f0 jn estimate the EPHE'^poIS UN'’,EPTMMTY 
the PPINCIPAL OF the FPHFMEPts UM'EPTfTMY ^ME.EE F«OV THE 

TP »ND INVEP55LY AS TH€ TIME IPt»VAL C^VEf-fn BY ^<6 

J«>.VAT-rNS HE' WHICH the PBBIT OE TE' m , KA TICN WA S ■ P AS EO. I T is 
A cciiMcn HPRP THAT THE MAXlWtJM ofjloUAL APPLIES 'T THE LAST 
“pPSITIOrAHj "at the olslPUAl AT THE fI«ST C=PPSIT-OH IS 
NErYlTOlBLF. LE^ 

CF^TD DENnTF THF OU'^TEO M&xlHtl*' fFSIDUAL. ««« -v c t t t tm c 

TNTvnP DENPTE THE TNTE'^VAL BFTHFFN THE FIOST AND LAST 0 P-SI 
TNTvnn JtN , c OETE^MI^■ATION. _ 

TNTVEP OFMOTE THE INTERVAL «FTWEEN TM? EP^CH EL--WENTS 

AKin thf vicjd^j 17 F ’’HF i^ppOSITT^NS USED. 

INTWH OFM^TF THF interval RFTWEEN THE FPOTH OF THE OPBTT ELEHE»^ 1 T 
TMF rOPPEMT YEA*^. 

THEM the UMPEPTAINTY TN ‘^FFONnS OF AC r o^F Tn THIS CAUS^ !S 

» BES^O ♦ OESTn*nMTvE» ♦ intvmvo/tntvop. 

/;v, 

epoPQ TN the HEAN 0 A?LY MOTTPN (MU I CAN ? EACH 0*1925 SFCO OS 
APC P ER YEAo . 

THE ESTT^ATEO EPHEMFPI5 UNCERTAINTY IN SECONDS ^ ^ 

THE EAOTM AMO LISTED UNDER THE COLUMN MEAOINS *ERROR SEC* IS THE 
SUM OF THE PRINCIPAL ANO LESSER PARTS ABOVE. 
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Appendix B 

OSCULATING ELEMENTS AT FUTURE DATES 


Appendix B contains osculating elements for the first 50 minor planets at the iniUal 
standard date 1972 October 10 (244 1600.51 and at ten following 400-day dates through 
1983 September 23 (244 5000.5). The elements osculating at 1972 October 10 are those 
that were obtained as described in par. 6. 1, and do not contain the effects of perturba- 
tions from the individual published epochs of osculation to the standard date. Elements 
osculating at the other dates are accurately consistent with the elements osculating at 
the initial standard date 1972 October 10. 


Page B-3 of this Appendix contains the names of the first 50 minor planets and some 
reference information. 


shows that the elements were taken from the 1972 or 1973 
volumes of Ephemerides of Minor Planets 

is to a more detailed publication, if any, of the orbital work 

is the absolute brightness of the minor planet expressed in 
units of 0. 1 astronomical magnitudes 

1 denotes the elements were obtained as stated above 

is the integral part of the Julian Date of osculation 
(here, the same as the initial standard date) 

is the semi-minor axis of the orbit 

is the integral part of the initial standard Julian Date 

Page B-4 and succeeding pages of this Appendix contain the elements osculating at 
the dates stated in the page headings. These elements are: 

ARGPER Argument of perihelion in degrees 

Ecliptic and equinox of 1950.0 

node Longitude of ascending node in degrees 

Ecliptic and equinox of 1950-0 


SOURCE 

REFERENCE 

MAGABS 

QUAL 

IJDOSC 

B 

IJDOO 
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TNC LINATION 

]\IEAN ANOMALY 
SEMI-MAJOR AXIS 
ECCENTRIC ITY 
MEAN MOTION 


Inclination in degrees 
Ecliptic and equinox of 1950. 0 

in degrees at date of osculation 
in astronomical units at date of osculation 
at date of osculation 

in seconds of arc per mean solar day at date of 
osculation 
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r.r>pijp nr ^yNC'^, pL^'JET'S 


^SrULfiTlON TS .lUlIAN O^'TF 


1 


NO** 


W 

I 

w 


l 


2 

06LLS5 

3 

JUNO 

A 

VESTA 

5 

ASTO Agi 

6 

HEPE 

7 

IPTS 

8 

FLOP A 

9 

rs 

10 

HVGT EA 

11 

PAF T hENOP? 

12 

y T r Tnp T A 

1? 

EOFStft 

lA . 


15 


16 

PSYOMF 

17 

TMFTT S 

le 

MEl PP^EME 

19 

FPPTUM A 

20 

massalta 

21 

LU^PTIA - 

22 

kall^ope 

?3 

Thalia 

2A 

THEMIS 

25 

PHOC AEA 

26 

PPP5PPDTMA 

27 

FUTEPPE 

28 

SELL'' NA 

29 

amphttc I T6 

30 

UP A N I A 

31 

eyr upn^y^jc 

32 

PCMP^IA 

33 

PCLYHYMNI A 

3A 

0 7PCE 

35 

leuxothf ^ 

36 

ATAL AMTE 

37 

f^pes 

3fl 

LPOfi 

30 

1 APT IT I A 

AO 

HAPHCN! A 

Al 

oaphme 

A2 

ISl = 

43 

AP I A ONE 

AA 

UYS A 

A5 

c OGENT A 

A6 

NEST! A 

47 

APIA J4 

48 

Doei S' 

4« 

PAL ES 

50 

VIRGINIA 


c;''U=‘T “ 


r MO 

[n" 2 

F MP 

197 2 


1972 

py c 

1072 

Cl^p 

1973 

E MP 

lQ-3 

pMP 

1973 

C MO 

1QT3 

F MD 

1973 

F MP 

1972 

CWO 

1P72 

CMO 

197 3 

g MO 

107 2 

FMO 

1972 

c wo 

1972 

: w,r 

1*372 

C MO 

1972 

F MO 

1973 

FMP 

1972 

FMP 

1973 

FMP 

1®'2 

£MD 

1-7? 

r MO 

1972 

FMP 

1972 

FMP 

1972 

F MO 

1072 

FMP 

1972 

pMD 

1P7 2 

CI^O 

1972 

pMO 

1972 

C MO 

IQ72 

FMP 

1977 

FMP 

1972 

FMP 

1972 

FMP 

1972 

FMP 

IQ72 

FMP 

1972 

FMP 

1972 

EMP 

1072 

FMP 

1972 

F MP 

1972 

EMP 

1973 

CMP 

1972 

F-MP 

IQ7 2 

EMP 

1972 

F MO 


EMP 

1972 

FMP 

1972 

FMP 

1972 

EHP 

1972 


AUTun:^, 

PFFE -EN*"? 

MA r,A p S 

OU'!' i 

HEPGF T 

ASP 16*3 

4 1 

1 

u F p r, c T 

ASP 16,3 

52 

1 

HF® GET 

ASP 16*3 

64 

! 

Hr POET 

ASP 16,3 

43 

1 

ITA 


80 

1 

^ TA 


h'f 

1 

ITA 



1 

I ta 


75 

1 

ITA 


73 

1 

ITA 


6 6 

1 

T TA 


78 

1 

1 T A 


8H 

1 

I Tft 


80 

1 

HE P GE T 

MPC 204L 

74 

1 

T T A 


63 

1 

spchilina 


69 

1 

ITA 


87 

1 

I TA 


^8 

1 

T TA 


84 

1 

ITA 


75 

1 

I ta 


8 7 

1 

! TA 


75 

-1 

HC9C.E T 

MPC 20PI 

83 

1 

I TA 


82 

1 

HFP GET 

MPC 2082 

91 

1 

pri.GNSKA YA 


06 

1 

MEPGET 

MPC 2082 

86 

1 

C I NC! NNATl 

MPC 2427 

82 

1 

MAKGVEP 


73 

1 

! T A 


88 

1 

r TA 


78 

1 

o«flskaya 


87 

1 

HE f* GET 

MPC 2082 

98 

1 

nPELSKAYA 


96 

1 

T T A 


98 

1 

HF PGE T 

MDC 2083 

100 

1 

KHANTN A 


85 

1 

CINCINNATI 

MPC 2428 

97 

1 

TTA 


74 

1 

ITA 


84 

1 

I ZVFK3V 


83 

1 

ITA ' 


68 

1 

HFPG=T 

MPC 2083 

92 

1 

nr® !K I s 


60 

1 

MEPncT 

MPC 2084 

85 

1 

HFPGF ^ 

MPC 200 5 

03 

L 

I 2VFK3V 


92 

1 

71 FLFN'»ACH 

AJ 74,4 

81 

1 

ITA" 


87 

1 

HE 9 GET 

MPC 2085 

104 

1 


! ..f' 


5. " 


H 


IJDOO 


? -t - • I 6 C D 

u' A H 1 6 0 0 

;.A M600 
?AAr',.PO 
? A A 1 6 0 0 
’ A A i 6 0 0 
2 A A 1 6 0 0 
2 A A 1 fr C 0 
? A A 1 0 ■) 

2AA16O0 
2 A A I A 0 0 
2A A 1600 
2AA 160D 
2A A 1 6 uO 
2AA1600 
2A A1500 
2 A A 1 6 n 0 
2A Al 600 
2AA 1600 
2AA 1600 
2AA 1600 
2AA 1600 
2A A 1600 
2AA 1600 
2AA1600 
2 A A 16 0 0 
2 A Al 600 
2AA 1600 
2 A A1600 
2 A A 1 6 0 C 
2 A A 16 00 
2 A A 1 6 0 0 
2AA 1600 
2AA1600 
2AA1600 
2AA1600 
2 AAl 600 
2AA 1600 
2AA1600 
2AA1600 
2AA1600 
2A A1600 
2A A1600 
2 A A 1 6 0 0 
2A A 1600 
2AA 1600 
2AA1600 
2AAL600 
2AA1600 
2AA1600 


2 . 7 6'“" 3 6A 002^07 
2.69^02987326260 
2.5‘83965031605P 
2.36267303781AA0 
2. S32AAOa8l 8961 6 
2.375A6^2®''5 6C6A 
2. 32 i 986 663A S8A2 
2, I ?A 3‘*9 70A'’ 

2 . "»6 73C91 01 ? 3369 
1 ^61601^0081=8 
2 . A 3962 ‘='3)00 9 16 7 
2. 2 78A79‘-’396A01 3 
2. 5669 360 2A3=>53 1 
2. 5 52 0 79 A 92 6 671 0 
2, 59006 6 7907292 5 
2 .{39 59A60950602 1 
2. AA5682A8609573 
2.2AO*’2A5A69-LP06 
2 .A 1 1 3 1 5 397 7001 0 
2. 3R2067A85O7697 

2. AJ26e l?9;08221 
2. 69366 7 899081 A 5 
2.55066260569133 

3. U501318A77A70 
2. 321 1037A55350A 
2 -6AS236037392O9 
2.3121D8689'^A633 
2.7A335928653A56 
2.5A7A65375b63?7 
2.3A59631A19655B 
3.076360917A6A2 I 
2.57892A15575797 
2.60 162 3A IA3726 1 
2.6710625A902779 
2.915836C979A0AA 
2.62168135817936 
2.60103719026952 
2.7066382A637055 
2.751A65LIOIOOA5 
2. 26A3O3C7R3O056 
2.65956618550621 
2.37703353A0:?392 
2. 1 71 8567 a0‘'5536 
2. 39363 73A68 312 7 

2. 71251 1951 A8999 

2. A8762662=IA925 
2 ,850985AA1712A2 

3. lO07l6l2A6Oi2*^ 
3.02010712^»IA803 
2. 538230AA561635 


2AA 1600 
2 A A 1 600 
2AA 1600 
2AA 1600 
2 AAl 600 
2,AA 1 600 
2AA I 600 
2AA16C0 
2 AA 1600 
2 AA 1600 
2 AA 1600 
2AA 1600 
2’aA 1600 

2 AA 1600 
2AA 1600 
2 AA 1 600 
2AA 160C 
2AA1 600 
?:aa 1600 
2AA1600 
2 AA1600 
2'AA 1600 
2>A 160 0 
2AA1600 
2AA1600 
2AA1600 
2AA1600 
2AA1600 
2 AA1600 
2AA16C0 
2 AA 1600 
2 AAl 600 
2AA1600 
2AA1600 
2AA1600 
2 AA1600 
2 AA1600 
2AA1600 
2AA1600 
2AA1600 
2AA1600 
2AA1600 
2 AAl 600 
'2AA 1600 
2AA1600 
2 AAl 6 00 
■2 AAl 60 0 
2AA1600 
2AA1600 
2 AA1600 
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£Cr,PFF 
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< c w I_^•f J 07 a X’ s 


1 6 <>. 762000000000 « O.A?OOOlOOOnOO 

2 310. lO^OOf^ogeoaq 1 ' P 02 n0’>000000 

3 2A7. 0959909<>9900 1 70 , 0? ^ OOOOOOQOO 
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10.142000000000 130.776959999995 2 . 2 95 82 3 2 700 1 1 56 
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3.076000000000 258.292999099998 2.43467163235196 
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3, 07 3 00100000 0 41.0? "5 555555 52 2. 6 4 27 50® 92 f'Q 37 5 

6,968000000000 274.284833333331 2. 73 981 86594 057 6 
10.3660COOOCOOO 265,143990999097 2.76899200411305 
4.2590000)0000 240. 35?999999999 2.26679719217692 
15,073000000000 93.302333333333 2.76240501040586 

0.532000000000 1 30. 1 9 99 999 994 2 .44040 7*’ 540 1956 

3.467000000000 55.677777777775 2.20323233776013 

3.711000000000 321.932499999999 2.42166131348976 
6.602000000000 266. 349222222219 2.72136179064043 
2,315000000000 217.612777777773 2,52454000803696 
4, 994000000000 228.941555555553 2.87132023670139 
6.548000000000 253,728999999999 3,11432104634686 
3.155000000000 33.039333333320 3.09091274892028 

2.024000000000 236.961833333327 2.64951579298670 
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063, 01 OCOOOOOOO 
634,40800000900 
923.86300000000 
994,40600000000 
858.03600000030 
852.33®OOOCOOOO 
R26, 06500000000 
710.07300000000 
914,45600000000 
1019.99700000000 
929. R92000C0000 
940, 44000000000 
933.88300000000 
715.O06OOOOOOOO 
834.44100000')00 
630, 30200003000 
953.90800000000 
819.92300000000 
®86. 71800000000 
767,12300000000 
069, 1 1 000000000 
975.4 7400000000 
632.97100000000 
052,41 600000000 
732. 762000 COOOO 
805.65500000000 
605.41OOPOOOOOO 
776,571 00000000 
825.89000000000 
782.39100OCO0O0 
770. 05900000000 
1039.65100000000 
772.81500000000 
930.70700000000 
IO84.966OOOOG0OO 
941. 53500000000 
790.36400009000 
884.57200000000 
726.90000000000 
645.59700000000 
65O.418O0OC0000 
822.72900000000 
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n'iC-Jl **r ’C^' IS JULIAN' f'.'T' 


^.■’000. =■ 


s 


MMM AP r, o c o 


* : n f ^ r 


*■^7 O'** i I Y 


<. r S' : - 


tu 

I 

U1 


1 7n, I9rin?l 81 6 bo. ^ l fi l ^ 82 3 

2 310 .075 BP2®*= I ■’ ? , POO 0 3'^ 1 3^ 

3 247. 007'5^?^r,3 157 l^Q.505335e7.?87B 

4 150. C38O0^»525'’'72 I 0 3. '’^ 7^,'! ? 0 -S5 A 

5 35S. 14? 58 1 0865 15 1 1 1 . 46 7 I 06B 7 ? a 

6 ?3B, 1760ARR40685 1 3 8. 737 7 1066/3^7 

7 IA3. <5P3AOn .3228 36 ? 5 56^7 5 1 1 7 2 

3 2 04.421746580260 I 1 0 . 702 0 07 8 ? 0 33 B 
0 5. 05‘»6404^3453 7 p. 76 I 7 

10 300 . ®2“ 6'^1 632«3 8 28 5 . 3 3 35 ? /2 A I 5? I 

11 193. 379.9’7585653 1 ? 5 . ?0 709 >906 ^45 

12 6a.6'^^5A7?RA5l 2 2 3 5. 39 ' A3? 0 5 3 ^ I 0 

13 76.01072586 7056 A 3 . A2 A ? 5 1 0 9 '37 3 ! 

14 95. 474 0042 14466 6 6 . 5 3 ? ? ’'M 5-8 1 3 9 

15 06.81901^919784 2O3,7i4PA'23r302 
15 225. 25971 52174 7B 1 5 0 . A? A • 3 75 2006 7 

17 136.775475751515 1 ? 5 . 1 8 3 8 5 3A 3 8^7 o 

18 226.970582329553 1 50 . ?8 5 36 3 7 a a 37 9 

19 180. 692200724635 2 I 1 . 95 3 9 C8l 6 OA '3 3 

2D 255 . ‘’34289462269 206.2624061 2 3^00 

21 24ft. 12 7740R2605 5 00,6^9077466454 

22 353, 67>6026465644 66 . 40 6 59 ’ 2 3 1 29 6 

23 58.25754520978 1 6 7 . 2B 2 I 3a 3 2 96 ^ rt 

24 111.958409504173 3 6. 250 591 2 456? i 

25 89,51 1526635622 2 I 4 , 40 44 8 ' I ‘'A C2 

26 193.123738929262 45.446221911097 

27 355,073135179855 94 , 44 6 « "3 8 7 5 04 6 

23 340,62 '07*' 3 I 16 I 3 1 a , 4 i 0 6 8 B 3 8 194 8 
.29 62,41 099596 1624 3 56 , 3° 7 5 1 54 2 1 ? 04 

3D 05 . n-'o 0 ^ A'^ I 2 30 *. “65 01 5? 49068 

31 64. 2078 2 780 016 8 .1 0 . 81 I 95 7 I 63 8 1 

32 335. 74830,2867722 220. 5455954 60818 

33 335.778769085726 8,657857158021 

34 328, 184982682944 1 84. 1 3 30 2 ’5 1 42 3 3 

35 210,9402253*32051 3 5 4, 33 8 2 554 0452 8 

36 A5, 42 I 1440 26064 35 3 . 695 645 3 5 6 1 ? 3 

37 61.31596281^596 7. 5"^ C 8 2 8 6 39566 

38 167, 4P 86'’4''ft5600 296,057325920432 

39 208.185016174791 157.080246187447 

40 268.894544-'1 336* c 3 . Q'’9 0 203 0 5^02 

41 43.875656120586 178,554892441254 

42 235. 97569564C868 84.406197713236 

43 15. 249040 1 866'’ 3 2 64, 8078 1360 1 1 74 

44 34:*. 0604303141 77 13 1.274201752477 

45 86.4564281 39433 1 4 7 . 05 6 i 2« Vi 5 36 1 

46 174.523240309738 180,990658402453 

47 312,279823792389 3.551538080699 

43 255.851190052671 103.781069928959 

49 106.582672321991 28 8 . 074 8488 C097 0 

50 198,64715569497 8 l 7 3 . 59 ** 7344 30909 


i 0.60 0/5241 6025 
34 . 84 741 56^003 '7 
I 2 . '^i Q > 4 ? 8 5 3 8 6 7 9 

7. l3‘,7?08lHt^51 

5. 7 138209H9-<44 

14.7 7 35140O5O6S 
5. 4'^o522460B'^1. 

5 . 88 7025554 7 :> 1, 

5 . 58 32774 59474 
3. 807149744581 
4.62 70 /'V/7 1 PI 0 

8. 3“ L 00 “O'. 

16.51 8?5 5r40<-/, 7 

9.1? 7 1 A 9 A 4 0 1 0 5 
U . 73 W 1 2 75 1 76 9 
3 . OB 305 J 54 

5. 5-7 3 I ■'“2? “3? 9 
10 . 14 2 68 I 1 600?5 

1.5551 75496321 
, 6990658 ieO?r' 

3 .0 75 1 1 n ^9407, 
13. ■'2 50? L I 3'’89 
10. 165242 7 774 75 
. 76 790 1507472 

21* 57DC9440.’419 
3 . 56 I 569652544 
1. 5B49-2336614 
9. 4049960A9069 
6.034883961815 
2. 09 1Q5031 Cl 39 
26 . 2G 3 8 1 9 54 32 75 
5.443916564695 
1.90452379L075 

5.51 1 49 3936 / 19 
8. 043B5003‘’667 
18. '-4094 1^82;.’ 73 

3 . G / 3 5 I 2 A ■ 0 8 4 2 

6. 96 7874058355 
10, 376m 33 753.9 

4. 2 5 *'M46T0P59 
15 R7 7 1 19440 30? 

8.531365211028 
3. 466575578564 
3.7U 238634 7B7 
6. 6026<99P950QC 
2. 31492983031 4 
4.994437970688 

6. 549186130044 
3.154831443857 
2.62441 4965854 


126.45 30 6 341 6 5.96 

1 I 4 . M 1 0 I 3 3 3 ? “ 8 8 
244. 76 12^7 1.1 7 7 4 “ 
26^ .990ri62.:^ I 4-^ 1 

2 86. 6594 2 76<)5. 44 
75, 40C4 7,S?464 3 3 

3l9.4930R?0r5345 
226. 0544 l<:dl5658 
I 60.BB 16 76 7o029 7 


1 93. 04? / <.A L‘i / '<, 3 

l')6 . “ 1 .'A \ r\ 

79, ;,'j 7 34 0 /9 87 ‘-68 

2 56. 61 4998 36^8 ^2 
46.">2P0p1O524'-13 

244. 1 726 79 391065 


143.5 606 30 “O 1 “ L “ 
99. 3032 20 729>iP.5 
273 . 4 78399 /2 L .347 
92. 602546106414 
236. 1097 74 343593 
1 06,66Q3647255“4 
344.466305 71 08 70 
237. 521065464814 
2 13. 046556*^^30 892 
34.4310294271/9 

62 . 5 5?2 56 030 1 30 

2 16. 01 12 GR03O063 
14 .6293 34 66 1 691 

300.47207:261429 

30B. 5643 1 9437 3 32 
132.979507765224 
L. 2871 452045 54 
350.821535977998 

3 5 6 . ? 4 ■"+ 3 5 9 '3 “ I I 6 
1 79. 25! 9 21929053 
234.072449356472 
1 76, 1433 34164 1 50 

66.6 307 21 54 3B4 1 
353.30237445? '21 
316. 0836 15244525 
309.687326778139 
325. 176623427344 
105.287202572354 
328.4779255134-27 


? .76 704 8 524 13 no 
2 , 76B00 /I 7 L AA 545 
2. 67 050'^ f ''<1 14 864 
2, 36?0P502 n?'-'n 

?.‘‘7 72';908‘n I / / 7 

2.426.'’/1035 3BB34 

2 ♦ 38651 66P533 AC3 
2.^014915 fi 7'.1960a 

2 . 3 P 4 A 4 A 0 2 0 C S 0 7 4 
3.16224 1 6 'n: 94 79 
2 . 4 5 n- 1 5 2 2 9 7 5 1 5 
2 . i 340f--\563 1 ■’^6“ 
2. 5 7 57.’ / B 30 30 76 6 
2 . 0 0 5 3 1 3 ; 2 5 '1 3 3 0 
2 .64 321 I 0 9 ! 2 708 7 
2.92243006067 757 

2 .4 ■’05P OB ^2 34 176 
2. ?0 5367? “6 1 2 7 70 
2.44 1 50 A 39 14 1 478 


2. 62 3945024 1 5 705 

3 . 1 384407 7466 5 7S 
2 .40032534033 15 3 
2 . ^'5 5479651 35264 

2.34654733247076 

2. 7 7 7 1<-’:\69^64a69 
2 ,'^5f.04 n?5 5 9 1 14 . 
2 ,36456565 304640 
“ . I 5 62 35 3B04 5 ?91 

2 .58 756 1 9 “5 6 1 726 

2.861245?n5B6003 
2. 686647359069QB 
2.09 3] 320 32 24 396 
2, 7-509' 4403 14 955 
?. 641760022 34807 
2.740B61R4699235 
2 , 76824 14361 4697 
2 .2668566'’65342 3 
2. 76 2491 6 797,361 9 
2,4?" B633975'0292 
2. 203 76831283595 
2.42130619662325 
2 .720287Q405051 3 
2.52600087997375 
2.B7691324524924 
3.1135339893B775 
3.09871246810836 
2.65157709031257 


85. 800664403925 
341.1 : 8 'lA'. 

2 2 5 . '/9 J M 3 39 


230,325211 168854 

61. 743901 3135U 2.4061901 7642253 

2 . 2 1 { > '3 7| 2 6 9 7 n H ? . A 3 600 0 7 4 7 "> 3 2 ? 2 

2 . 9 0 ^ '^ ? 6 2 2 5 . ' 5 5 5 2 


c(^rr*:T-;rj TY 

. 07829.363825828 
. 2,37j4 13 69 55 7/49 
. 2563669] 027580 
. 003 3091 3 ' 32960 
.18742651 931058 
. 2028 32 57 5831 92 
,22930091033997 
, 156?45r360376 7 
. 1 2 3 3'’036?5*=55D 
. 1015 11428551 7 3 
. 10?46‘^1325C374 
.21““ 4530 7'; 30. 3 1 
. 36462922348284 
, 16 63 "?f 2 05752 0 
. 1 8 6^-3;) 2 36 298 3 3 
, 1 3545644167051 
. 1 383P31' 54'026l 
.21 8030561 32163 
. 1 377693632 8877 
.144/2189432481 

. I 6 > I 7. 5 7C *“4 .55 2 0 
. I C 1 ?. 2 0 5 3 4 0 2 0 1 4 
, 2 355 6-59 7 7675 9 2 
- I 20761 702 063 1 3 
. 2550 7863630 13 3 
. 0878524C0906B9 
. 172 2076 

.15 31 8095 4 T ■■15 0 6 
. 07297221426240 
. 1 273344 2 7 662 5 9 " 

. ?.■“’ 8 5 265 9 42 '.)69 
.08184986632409 
. 34-)45?06453024 
, 107966232 3646 3 
.2245912834B629 
. 29954 3269983 1 5 
. 1 7 53'0?67 23497 9 
,15542545800963 
. 1 1 1 2 14004? 081 7 

. 046 2 1 7420 804 2 I 
. 27007044 5 92370 
, 2266 5525:>3^058 
. 1679 2505455540 
. 151641,44 B5 054 3 
.08035998341132 
,17044943796834 
. 13525541630172 
.06029385377265 
.22434167169254 
.28644302648443 


770.49453168584 
770.4 3246697992 
81 3.4630 1575840 
c-7. 3"'9631 8302 0 
857 . 54979036237 
9 78.853012 53297 
962.22797023224 
1086.29751004793 
063, 422102 52423 
633.90256095509 
923 .2 58761 02838 
994.4643 13 1 1600 
356. B 37200 72837 
B 53. 531 7271 1 4-D3 

8 2 5.6 743 791 8365 
71 0.033331 34593 
'= I 3. 7091 2597063 

1020.303655 18604 
930- 0800094 3296 

'•J 49. A 4629469B8 1 

n 3 2 3 37 766? 351 

"I 5. 556015 /4513 
834.78469332818 
6''8, I 0490127070 
954. 11650715922 
819.95894491132 

9 8''. 1 032 P3 1 ■’052 
7 7- (>.6544 5690769 
868,26887437233 
975.84200732035 
632. 77964263169 
852.4,5207615913 
7 33.1;! 81 2649542 
805. 7,3 1932 14300 
685. 2:00644 1 1401 
777.64094352592 
826, 3,50'’9873230 
781.94436881666 
770.37224405121 

1039.61006441015 
772.7 7863506987 
931. 0184 = 1 57472 
1084.57021463113 
941.74214060357 
790.83204764530 
883,80474399924 

727. I 373 0475566 
645.84025630661 
650.48105926316 
821.76982020023 
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B-6 


5 


GllOUP OF MINOR PLANETS 


OSCULATION IS JULIAN DATE 24A2A00.5 


NUM ARGPER 

1 71.57299907^920 

2 310.049750A2AU5 

3 246. yA5A9A70Q49iS 

4 150.162159373020 

5 356 .0786665dfl6l3 

6 230 .215889086 J40 

7 144.06579336147B 

8 234. 226402335817 

9 4.H26924562234 

10 308.960160072702 

11 192.930845431888 

12 68.762443826786 

13 70.900781891254 

14 95.390255708152 

15 96.84533447327'J 

16 224.719676497789 

17 136.425511444404 

18 226.838250963116 

19 180.465048437081 

20 255.614666710Z58 

21 248.087616205977 

22 353,582405641042 

23 58.282334343176 

24 111.764296823471 

25 89.574028203479 

26 193,207913078943 

27 354.991614541890 

28 340.535820708359 

29 62.381497255684 

30 85.466085135904 

31 64.139492481857 

32 336.903712862135 

33 335.044064946377 

34 328.022691603435 

35 210-925225153265 

36 45.4849041 28322 

37 61.249795748305 
30 167.420779652834 

39 208.290360396965 

40 269. 161551090621 

41 43.813949168250 

42 236.049843365432 

43 15.304008805259 

44 341.966951623979 

45 86.935151637112 

46 174. 3982 12723067 

47 312-03937532C543 
40 255.921346955603 

49 IO6.6O044U61459 

50 198.673860776969 


NODE 

80.233297769380 
I 72 . 7918915 125 34 
169.970063084911 
103.624353813608 
141.4611C9872977 
1 Jd, 735306820231 
259.558774499244 
UO. 690423471647 
68.741866267820 
285.205641620123 
125. 1985 33636 995 
235.389019084796 
43.334906115851 
86.5356 70016900 
293. 322616008670 
150.416183873948 
125. 174743827939 
150.282917444714 
211.883619315825 
206.26808758A160 
00.666229930683 
66.495421925219 
67.258774233263 
36.259072455480 
214,386979976282 
45.462761997822 
94.446535401 763 
144.429132252410 
356.367017051272 
307.758660815653 
30.814292155784 
220.402350353732 
8.6 57015 18011 1 
104.135960233439 
354,336417123299 
358.689002786936 
7.531358117990 
296.048800576318 
157.080070597338 
93,976416036621 
170.545021202813 
84,399946703460 
264. 792340999360 
131.2 735 76840901 
147.855908345250 
180.972006983614 
3.540271158496 
183. 770773600528 
288,050249295971 
173.592418712201 


INCLINATION 

10.587514579935 
34.852374487717 
13.005902296250 
7.136833985884 
5.338808180247 
14.769083818283 
5.496172301778 
5.885249847715 
5.581840347805 
3.8048140031 75 
4.628567620240 
8.372326051292 
16.531663510853 
9.126008586754 
11.732404895674 
3.08H746691720 
5,592765618407 
10.142366973508 
1.556639079479 
.699297202327 
3.075051190453 
13.727036546676 
10.161146020779 
.767935581271 
21.567716794926 
3. 561966014291 
1.586970995450 
9. 406991 182292 
6.087301707933 
2.097627152920 
26.294223 756 187 
5.453078773557 
1.904525099131 
5.512025510536 
6.044305263244 
10.554231047424 
3.078545442968 
6.967174558039 
10.376013614038 
4.257543190 134 
15,871191583934 
8, 531956214740 
3.466 053608479 
3.711252582654 
6.602383707890 
2.316419969568 
4.994883242743 
6.549012840742 
3. 154679902548 
2.825155859213 


MFAN ANOMALY 

210.618190637669 
200.357442370711 
335.194155219160 
16.492591568964 
21,180536984616 
179.652196697306 
66. 36ti89 1433361 
347.088274272206 
268.156507017811 
157.4064709910 78 
84. 167148451062 
336.322228498158 
28 7.438120695537 
291.145876914212 
170.779091430765 
335.96 148 1494847 
148.863222761152 
357.628524872638 
333.886981896492 
167.383309019164 

106.013115756292 
223.185376148565 
192.148108134716 
344,545990567569 
198.537957207853 
17.152549076925 
216.461269719519 
69.72 1097372008 
333.921847513824 
322.642599651568 
104.805575331328 
156. 382399529654 
297.421091234897 
104.341704947507 
16.624186518510 
34.960596266309 
224.899B33120495 
88.223709655758 
76.362722003105 
111.522440184505 
265.101662005192 
337,478103045742 
296.584233687609 
171.3904552365‘t8 
6 1.361408281770 
54.420383998282 
30.621 189209950 
36.057120423182 
177.548413990948 
59,806300584896 


SEMI-MAJjC AXIS 

2 . 770937 74727591 

2. 76909627244227 

2,67076309322251 

2.36144458975343 

2.57000530389842 

2.42621799325575 

2,38663772846327 

2.20216703360022 

2.38620583550854 

3. 145657223962 32 

2. 4523f 087968975 

2.334304G9112373 

2.57633046116277 

2.58564251009494 

2.64291567630400 

2.92666956577945 

2.46867202945982 

2.29620001470117 

2,4431 1488385540 

2.40753357315657 

2.43514292665526 

2.90716712275783 

2.62545369559474 

3, 14021019160249 

2.40100301690033 

2.65453683 736230 

2.34655561722498 

2.77698801502528 

2.55552503597248 

2.36605454045626 

3.15547702091915 

2.59026831662054 

2.86011497404317 

2.68570748640848 

2.99229343605172 

2, 74945692635 715 

2.64133482736013 

?. 740701 18158497 

2.76765432133385 

2.26680398530781 

2.76351290103005 

2.43931830378115 

2,20376654445981 

2.42092611855557 

2.72213093883073 

2.52488221761112 

2.88000009499883 

3.11500891759334 

3.09786566780546 

2.65059739074930 


ECCENTRICITY 

.07725704363678 

, 23554949505886 

.25543559542200 

,08809998196243 

.18763572001996 

.20302853126487 

.22923003753268 

. 15593584356229 

, 12 295638862 749 

. 102941 30087496 

.10226448472607 

,21832551616676 

.0846 5041207485 

.16555767773456 

.18809349714711 

.13574365543149 

. 13064879150320 

,21800467110571 

.15759518356462 

.14482129971506 

.16176643170006 

.10352637204212 

.23400364971976 

.12119769166198 

.25479091074620 

.03753791922652 

. 17212090803406 

.15325042421360 

.0717C687141040 

. 12731423523202 

.22302035090951 

.00210836077804 

.34065121774979 

.10780370053330 

,22431469937071 

.299l304t>561598 

.17560457206283 

.15557267831825 

.11087784299774 

.04603250244115 

.26977393426645 

.22674219108967 

. 16773910861014 

.15159777859779 

.08060573249051 

, 16993614771353 

. 13625258119691 

.06075099438897 

.22474104289478 

,28607497183660 


MEAN MOTION 

769.22726015197 
769. 63197477912 
812.92156975317 
977.77726602097 
057. 15754010771 
93ao88380059797 
962,33619813736 
1085.75337798734 
962.54907180253 
635.97417363530 
923,91071802205 
994.87937581583 
858.03345615286 
853.40239177911 
825.81280787755 
708.67324615304 
914,76903710462 
1019.74597917049 
929. 16050297213 
949. 03473291649 
933.72694134830 
715.81628891742 
034.06525408435 
637.62963943362 
953.71259048143 
820,39582191714 
987.09805557740 
766.73549099244 
868.53308097728 
974.92104992463 
633.C0753C66243 
851.11735165996 
733.55272092909 
806.15492217549 
685.43870756106 
778.28C58057596 
026.55429695723 
782.01312854025 
770.61739076151 
1039,59129224552 
772.35028522946 
931.33057923942 
1084.57152016154 
941.96392530323 
790.02904324535 
884.39217057181 
725.96857455671 
645.38316605550 
650.74779058280 
022.22546951455 
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B-7 


0«OUP PF minor planets 


WUM 


ARGPER 


12 

13 

14 

15 


IZ 
309 
24 6 
150. 
355 . 
238. 
144. 
6 284. 
9 4. 

10 300'. 

11 192. 
66 . 
79. 

95. 

96. 

16 224. 

17 136. 

18 226. 

19 100. 

20 255. 

21 248, 

22 353. 

23 5b.. 

24 lU. 

25 89. 

26 193. 

27 354. 
2b 340. 

62. 
85. 
64. 

32 337. 

33 335. 

34 327. 

35 210. 

36 45. 

37 60. 
30 167. 

39 208. 

40 269. 

41 43. 

42 235. 

43 15. 

44 341. 

45 8tt. 

46 174. 

47 3U. 

48 256. 

49 106. 

50 198. 


29 

30 

31 


906009833869 

8226 73759234 

904474929481 

741945350248 

999409305063 

315393421569 

1425245 J264b 

295055860761 

779256782026 

79974039054 7 

936333519132 

738659595066 

0586362 35LL5 

310385864944 

95U03527260 

321655267854 

3149025 75036 

86 5H23852476 

450424164058 

441719144426 

155404082741 

303835324097 

171734519142 

67424872 1601 

58 1606780003 

571979432798 

765584462617 

4191209 12984 

609979794537 

432302442733 

095407026514 

575287835987 

8543567 55344 

920049550074 

8065301 12384 

551461053070 

984783977518 

359740629526 

490490897220 

463920964041 

742115065314 

9501 30461352 

398255164017 

7299 332 85185 

074041193337 

4997089O67«5 

427006371114 

173464564870 

723407432864 

753815176320 


NODt 

00. 137235738551 
1 72 , 786 18646708 1 
169.9699 70 702 050 
103 . 5 lb 796507007 
141 .453199559804 
130. 7 23346 391 166 
259,537922709827 
ilO.683028C74O26 
( 66 . 702634973 756 
205.180466638132 
125.197971621992 
235.3657874^5745 
' 43.332726365227 
, 86.527229283486 
293. 305165 544 152 
150.404043778629 
125.1 74783878176 
150.281247376036 
'21 1,877054 879890 
206.233376000372 
00.678473222722 
66,482934tt 6064 
6 7. I 5 7269 6 76 740 
36.271668902026 
214.3791 15597093 
•' 45.4606681716 72 
94,436647212491 
144,419659063050 
356 . 365 519153094 
307. 715302962508 
30.816356028817 
220.367514194686 
8.656435906038 
184. 1 35304 105090 
354.333662949472 
358.688750194642 
7,537895964271 
296,033428588307 
157,081014231166 
93.966755336326 
178.542763274987 
84.367362381920 
264.730952137660 
131.257840149447 
147 ,765050876800 
100.965925262071 
3.5236989U319 
103.767652011533 
268.023652906084 
173.588427968133 


I NCI I NAT ION 

IO.59H43O9054 10 
34.822589331405 
13.CC560269O221 
7 . 1 35360 104987 
5.333307019034 
14.770266/32467 
5.496606501680 
5,835007256377 
5 . 5036 734106«0 
3.806203405957 
4.623213694370 
8.376334907202 
16.532458276512 
9. 126319646 5 16 
11 ,734646510582 
3.080492494 758 
5 . 592 35 7 195096 
IC. 1 41 739865 752 
1.557460910479 
.69966047; 312 
3.0 747306BO189 
13.726721 70L843 
10.1646199C6964 
.767736443930 
21,569772452465 
3,561963472359 
1.506881 U5639 
9.407640775956 
6.007068261 191 
2.097101070063 
26.296234066747 
5.462423312974 
1.904066768835 
5.51206B645250 
8,044366806505 
10.552768467649 
3.077548 797580 
6.968776833604 
10.375870723259 
4.257427562513 
15.870983903354 
8.534058381477 
3,466252533234 
3.709753793334 
6.593078619698 
2.316509645512 
4.993084C16719 
6,549220440665 
3.155036077737 
2.825329029830 


OSCULATin;-. 15 JULIAN OATF 2442000.5 


MCAN ANOMALV 

294.099929303964 
205.929574744052 
65.5C220143C6O9 
124.522463216B76 
1 16.502401 1^. 3506 
203.093867120167 
173.197567050303 
107.698402381066 
I 5. 14606 3 76 76 70 
228.347645240541 
186.836894132230 
" 6 . 04 1 27 549 j 0 y9 
22 ,646‘«1 9i 70 753 
26.019173455039 
262.454212223606 
5 5, 10634 71MQ091 
2 50.625104939042 
ll0.9444CC4o423i 
77.191929270054 
273.124O7U401355 
209.666605,2^2176 

30 i .02 173 7 I4l2b4 
204.86 755 50540 24 
55.430942077828 
304.471541513352 
107.952015813332 
326.276085417181 
155.C5940C814B79 
70.245165459975 
71-078259560530 
1 75. 18 8471 524675 
250,353610716390 
10.915034283565 
194.043279014761 
92.8/1260820505 
121.32571 1969176 
316.966052446754 
175.203463427602 
161.751040603773 
226. 702089143889 
351.036186044124 
81.015022144167 
57.031851 7,15719 
276.260035738695 
167.843103630646 
152.5784/9534753 
111,954704665183 
108.273192754208 
249,766466076841 
151.047169430301 


S£MJ-*^AJCF AXI S 

2. 76671095974803 

2.773761 74154246 

2.670 307 3:1521329 

2. 3632? 12202 764 1 

2.5 7 74 73 14933863 

2.425435 39U71 201 

2.38695602234089 

2.20203005663993 

2. 3b 5468 j2 35 6 34 4 

3.14404355398291 

2.4520 16 10 : I 1259 

2.3340 16 74645 51 0 

2.576435549 0 9 5'69 

2. 58636527059476 

2 .64 L9 /9 99C59961 

2 .9235 3526700707 

2 .469 1086984220 7 

2.29597351460974 

2.4420?‘’5l'i53'‘ V3 

2, 40o65'» 2905290 7 

2.43590257U5o74I 

2.90062458631943 

2.62079656773687 

3. 14091 798729709 

2.40U 70 2577C729 

2.65574692397317 

2.34783652144714 

2.77505817148946 

2.55515128921535 

2.36494373097045 

3.1541269142826T. 

2,5868140631 7672 

2.861U952613672 

2.68636607978300 

2. 991344 3891924L 

2.75052318611262 

2.64333112872754 

2.73965359584027 

2.76080973673421 

2.26717231956133 

2.76440516730196 

2.43945134129977 

2.20375392029820 

2.42286926615161 

2. 72 312645900146 

2.52566269801292 

2,87619515223622 

3.11610689953345 

3.09655038184050 

2.65161243597466 


cCCFNTRICiTy 

.07759082796632 
.22334021615958 
.25520001723655 
.03836387188215 
. 10 77 856371 / 569 
.203201953943/8 
. 2293 28232-*6022 
.15570413542891 
. 12216135709236 
. 10 356994235456 
. 10 195402685935 
. 2193 7841 774 108 
.O04864O33U453 
. 16 57 1 598932 738 
. 18916714749167 
. 134849 14 131820 
. 13847928782450 
. 21 773 39‘t066478 
,15710431165276 
.14‘*5fl910852689 
0 16 14 1922286 454 
.1037702/414998 
.23323177503614 
, 12 146787655012 
.25454722932665 
,08735905594109 
. 17 154636286882 
. 15 352835104407 
.07147496214367 
. 12678161037561 
.22 3514655 98916 
.08343823770980 
,34099964901 1 13 
.10740874227708 
. 224040 7.0868379 
.29922069988910 
.17566263753624 
.15595163993303 
.11069087981499 
,04594031124109 
. 26975298970295 
.22718867357540 
.16769486927574 
.15093093736995 
■“,08 18 918 7 75 1 794 
.169707/0901339 
.13630713761443 
.06103148426467 
.22509067627776 
.28595700531429 


MEAN MOTJCN' 

77U00821480t68 
763^07361 109173 
3l0. 13883192108 
976 .67485445888 
857.46292311445 
939. 33325433491 
962. 1432337936:2 

1005, 85468025900 
963. 04391989312 
636.46305392262 
923,65352521621 
994,55172555011 
857,95598473895 
853.04469146451 
026’. 25 155248538 
709', 8 1319592644 
914,43198385229 

i019:.896aei33833 

929:, 70059398258 
949, 1.6393000766 
933, 24422 196253 
71 5,. 27033080839 
832.47481975933 
637.414U991559 , 
953,612953’51145 
9 19.03516 733376 
936.2903.7225565 
7f>7. 20365933673 
868.72365008244 
975.60800336539 
633.41424312941 
952.82270593727 
7 33. 14721 3837 16 
905. 85840319470 
685,81495510276 
77 7.8280654'B559 
025.61812599625 
782.46170941020 
770. 13507687C35 
1039.39297696820 
771.97641200263 
*9 3.1.2 54 39 3940 3 7 
1064.58083959528 
940.83096617779 
789.59585479032 
883.90225968038 
727.40963579382 
645.04203823400 
651. 16245054959 
821.75338912163 
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B-8 


rr MIMPD PLANFTS 


ISf^JlATirN TS JULIAN DATT 2A43200.5 


5 


Aor.ppe 


•vjr-ic 


P; tl, ? NA T T'-iM 


S f JOF AXIS f^CC tN'T P I C J T Y 


J 71. 0^301 53 39 7S9 80.1350139120^0 

2 309,9300l'’80l020 1 '^2 . 8 0 5 00 A 3 

3 ?A6, 907 715582926 169,96108694203^ 

4 1 5J .05475415044 7 1 0 3. 5 ? 6 5 ^1 5 6 OO I 0 

5 3*'5. 951 153297063 14 1.4504607 36 3 7 7 

6 2 38. 350 53456709? 13 6, 70 96642 8667? 

7 144. 221‘'26531534 25 o. 53 5 ^7 5oq^ 

8 284. 185212416609 I 1 0.67?41ti.59 143 8 

9 4. 912962842051 68.700466032723 

10 308.66038400 1516 28 5 . 1 7 ^ 67 72 9 1 089 

11 192.868975679168 1 2 5 . 1 8 8 05 4 1 ? M 7 8 

12 68.590060023414 235. 16‘'40Q I 15 1 32 

13 79.168710579061 43.311423932124 

14 95.192520221777 8 6. 52 72 191 08830 

15 97.016083OO3O97 29 3 . ?0 2 1 ? 53 6 75 7 5 

16 2?4, 320 7? 1 604655 1 5 f), 40 1 3268 34*>64 

17 136.207933194851 I 2 5. 1 66045 4 797g i 
10 226.920791796162 150.270896138841 

19 160.563052866807 211.869934131701 

20 255 . 26398 I 726964 206. 2442632 59496 

21 240,157115146411 00,67530366184? 

22 352.5166302384'! 6 6. 463 4 01 6 ^ 0 I 2 8 

23 58.259471587039 67.146299040105 

111. 595768410425 36. 25 3 31 ? 2 2 1 1 86 

25 89. 622660438527 214.378943493621 

26 194,831731166284 45.454049086915 

27 354. 823866040733 94,435215091451 

26 340,382790596559 144 , 4 1 8 2 ?69 39 720 

29 62.874900291803 3 5 6. 3 6 1 5 702 2 092 3 

30 85,558700409421 307, ~0l 1 681 02454 

31 64,156221430500 30.808405600405 

3? 337.615669673603 22 0. 3660 ?Q7 58084 
33 335.747882200867 0.599374762818 

14 327.481663957644 184.098227526770 

35 210.8869452080«4 354. 33 I 4 129 32253 

36 45. 61247107148 1 3 5 0 . 675 3 06? 3 7 70 7 

37 60.846890952199 7. 50 5 06 7923 16 9 

38 167.379849165608 296.035630572447 

39 208.572927260377 137.068394513816 

63 269, 8290982 1“045 9 3. 96 638'9 5070 0 

41 43.68541 7561043 I 78 . 5 35 90? l 19842 

42 235. 8499904 12292 84,3659096 24323 

43 15,530518140769 264.728935535781 

44 341.760007408591 131.216890087212 

45 80.553444258012 1 4 7. to6 5 I 5P 096?4 

46 174.524104622861 180.953144819610 

47 3U. 291 328337342 3. 51 5? C36 7092 7 

43 255.409815721745 183.758758043682 

49 106.841314273106 288. 024022352267 

50 190.79O'’8O227646 173, 502407342824 


1O.59166660'^724 
34.811 193821952 
13.00?875915617 
7. 141 30030^294 
5. 339856446028 
14,769701734262 
5.4q-'PI47088467 
5.005137698671 
5. 50364624'>34l 
3.805756919723 
4.62 7060717602 
0.377071^56609 
16.511068130042 
9. 1273513741 10 
I 1. 735650104 768 
3.003496522518 
5. 502024115035 
10.119879103256 
I, 557605333771 
. 700604061 230 
3.07483 7739104 
13, *'32453704064 
10,163480761436 
.767401317273 
21. 569446397738 
1.557020530200 
1. 506922723341 
9.40906666 I 344 
6.085720261931 
2.096606731868 
26.296318548335 
5. 462446159960 
1.90315695698C 
5.506422670812 
8.041166223706 
18.547754602953 
3.075719110458 
6. 970234628308 
10,374154402697 
4.257980P2671‘' 
15.871607613016 
8.535121876643 
3.470636103461 
3.709967433998 
6. 594^60695016 
2.316396446279 
4.993097433330 
6.548442122014 
3.156809389992 
2. 824965716254 


20,420! ?2093?70 
11.21 4096450723 

1 55.731-«53178192 
232o7R35R0353’S2 
21 1. 86 34 5610 5016 

20,240 7 54947 7 34 

2 80. 020690194 1 53 
228.233016567817 
122. 01 32 O404'342'^ 
299.225361 340887 
209.50 50 R0 TP 105 1 
lO". 557403966973 
1 17.827166768052 
1 2 0. =>2 05 P36'^55 39 
354, 22 74 51 40 74 36 
134,010! 17214983 
352.316168310252 
224. 181045501810 
l8O,3''25 5fll 0077p 

1 a. 6096 90672620 
313.331097763919 
23, 134? 04 459057 
17. 110634143104 
126.332294331917 
50.412388320699 
197.534194632703 
■^5.fl5l495246342 
240.381619902016 
166.4724063>94l6 
179. 340832977397 
245.54079202''045 
345.0985195’6583 
100,558103242286 
283.096375109604 
169, 106426302834 
207,659044653306 
48.o5220’9a4590 
262. 160346926757 
247.21 1889721301 
341.840444981319 
76.889162578232 
I 84.6595 55695«40 
177.286749096937 
20.708280395864 
255.252301469549 
250.737550389432 
192.970391 B94°96 
179.681128806236 
322.030111316288 
242.2?8'^21214>52 


2.766W'^l 46030293 
2.77224 1 20538 153 
2.67116693011030 

?.36l329i33op3i»5 

2. 5 765908140 1 775 
2.42614 100728034 
2,38632074574944 
2.20232409779541 

2.3O60l621'”T-»q^3 
3. 144 772 96000628 
2. 45 341 2 510 J2 740 
2.31355965440346 
2.57706390901976 
2.5P551445‘'900''^ 
2.64190017145900 

2. Q2354372076791 
2.46972934002423 
2.2°650510506136 
2 .4420OO38P052°7 
2.40827574502610 
2,4?604 3 7?167>?88 

2 .R 10022 12 398 119 
2.626851 16758 71 0 
3.1402035339P335 

2.40089092603623 
2.65821210003719 
2.34726413237665 
2.7751351 1009919 
2.5559394964 1907 
2.36564596507854 

3. 15265022971036 

2 . 506948077714,90 

2.85808576601965 

2.6897^742900400 

2.9924984091 1838 

2.750801190 10712 

2.64210656274435 

2.71834614536679 

2.76926303046993 

2.26649270280278 

2,76337901203627 

2,43065313731233 

2.20365917994643 

2.42181135151576 

2.71962651430682 

2. 52625642078094 

2.87501091771995 

3.11611483684418 

3.095094826U894 

2.65204596787645 


.077-'61Q7471~76 
. 2334 189995684 3 
. 2551 306456601 4 
. 0894552^402200 
.1091 48074196 1 9 
,20153600966365 
.22941997210979 
. 155577292C9425 
. 12 21 1 130748009 
.10375126150549 
, 10167581 350069 
,21979019519296 
,08509978903312 
. 165®261372904 3 
. I 89354 44 94291 8 
. 1 3456130567981 
. 13843772390467 
.21748212219169 
. 15687903O2P624 
. 14392356918768 
o 161 1 7529689263 
. 10386341495126 
.23251082513076 
, 12176845885940 
.25441242352897 
.08702800083521 
. 17123771409209 
.15387492776926 
.07139556009625 
.12656690681629 
. 22402046944005 
.08371450252833 
.3'»ll299580748 l 
.10600342912066 
.22341102150681 
. 29915394900297 
. 1751OP0139i^,o5 
.15633556712398 
. 1 10424 70133634 
.0458564)673598 
.26961323731570 
.22726l'536B106 
.16863268729719 
. 15019625648401 
.00319326057604 
. 16938697083564 
. 13627755536123 
.06119066162246 
.22513543037195 
.28568837369918 


7TO.952P204O687 
768.70561444611 
812,74635527732 
9*’7 . “4807750297 

857.90139864599 

930,°2P48975146 
962.52794985599 
1085.63723027312 
«’62. ^1222733465 
636.24242971176 
923. 316^3956926 
995.35548350972 
857.66718000927 
6 53.46579196713 
826.23524371722 
709.0101 1716968 
914.18171577152 
I 019.54264303200 
929. 33994399071 
949,39607^ 9618 I 
933.20908191393 
714. 76312422099 
833. 39976544904 
637.63166721501 
953.77938051026 
018.69498226704 
986,65116010007 
767.50352121103 
866. 32183301005 
975.17361926747 
633.05933202707 
852.75604165044 
734.02587785296 
804.31693590633 
685,42171499158 
777.71006925377 
926.19217987336 
782.80775603406 
769. 94599238322 
1039.86051312598 
772.40645138193 
931,7 1164949322 
1084.65078326597 
941, 44750524237 
791. 12056640024 
883.67064688362 
727. 55542340630 
645.03962367645 
651.62184583853 
821.55189841173 
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r,pntj3 


nS>'UL/‘-TIC.N !S JULIAN Otr^ ?^<;?600,5 


WUM ftOGPFP 




TNTL INAT !0^' 


MS&''! ‘ANOMA-LY SFMI -major axis 


eccemt^ictty 


W 

} 

«D 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

u 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 


73 . 2612*^04 94812 
309. 997669997592 
24*"-05015204969e 
151.020575915706 
355. 642052R17736 
23P. I9l409l060ft»< 
144. 261346561 940 
284.47U93132125 
5. 019905004558 
308.553215417645 
192.830690080527 
68. 536446774173 
79.272339104240 
95. II 7832235004 
96. 838817022323 
224.316890205416 
136. 096837514 325 
226.961890275066 
180. 609210726397 
255. 360380249938 
248.193665594417 
352. 16848571671 7 
59.333100269018 
111.621402866897 
89. 868736033202 
195.674633106094 
354. 914354458440 
340.159156877975 
63.083607875801 
85.626204918657 
64,2201''13l0868 
337. 609355957295 
335.696300952328 
327.732340689801 
210. 757478053287 
45. 670290 56800 
60. 910656158578 
167. 165983663970 
208.658194363085 
270. 221592595004 
43. 62539-»544939 
235. 784794345291 
15.608236620608 
341. 874205576421 
80.563853175134 
174.554631180982 
311. 160664957355 
256. 761712453850 
106.397343793017 
198.823475975814 


80. 134691373477 
172.751 63Q7047U 
169.04206)234407 
103.525489079811 
141. 442020163956 
13«. 68912^791946 
259.535535877085 
110.672309435620 
68.699309522983 
285. 168593534812 
125. 1060281 10261 
235, 36682B0 66536 
43.321065688031 
P6. 527178863730 
293.283812461521 
150.394017590972 
125. 1661 83650945 
150.2610920'»nP5 
2U.86331085315B 
206.242593515935 
80.674763437867 
66.4560271 81445 
67. 14683145P057 
36.229897122808 
214, 304926927999 
45.402492137713 
94.43532?316062 
144. 396336320997 
356,344824383461 
307. 690169252030 
30,803103781182 
220.367370619106 
8. 586007787439 
184.036166569717 
354.259727869905 
358.654302560297 
7.502972709565 
296. 0224677216^2 
157.057115340742 
93,964284517110 
178.535693846385 
84.3643021 88664 
264. 729745579911 
131.210891104867 
147.693151780097 
10O.952818P54866 
3.514691003266 
183. 741834064705 
288.015031254308 
173.569278477247 


10. 593394798934 
34.00 7205554Q03 
13. 00209576*’ ■'24 
7. 14 1 22290720 1 
5.339803646965 
14, 776312054109 
5.49 7635086529 
5. 03556315«BO6 
5.583154169065 
3. 805774366699 
4.623341653452 
0.377649854215 
16. 530832856076 
9. 127305450209 
11. 7414: 73401 39 
3,088000239974 
5.592566122208 
10. 140838014988 
1,557452071747 
. 700594310039 
3.074806332665 
13.731541570730 
1 0. 167800490061 
.767437971599 
21.545036834920 
3. 554809506701 
1.586098287956 
0.408784603305 
6.0B5834445060 
2.096B78517648 
26. 299421081055 
5.46L823157504 
I, 903428108767 
5,506295041077 
0.033646010705 
18.547630756305 
3.075221546392 
6. 973936*’46596 
10,375581052506 
4.257780009276 
15.872965760371 
8.535031815295 
3.4709P2856503 
3. 709931380011 
6.59479B955020 
2.316450010438 
4.992259070157 
6. 549118468390 
3. 157160994269 
2.825013030996 


105.850230205543 
96.5566 18047843 
245,950209166185 
341.435794182790 
307. 512350260641 

1 32. 764761754490 
26.937232269929 

348.78742105593'^ 

228.039920217620 

10.000345545867 

32.138267983450 

300.218572953325 

2 13. 02 12 94289904 
215,871538153526 

86.143654002570 
212.8763 05647 173 
94.0197 50044340 
337.423540206605 
283.560975579016 
124.005486453503 
57.012127358719 
102.9008 13872794 
109. “I 077974*’ 108 
197.183367292599 
156.060104412952 
237, 769829755029 
185.351230715868 
325,305469351142 
262, 7367 11042375 
287.607881942733 
315.945422831230 
79,824477981735 
I 82.239864238097 
13, lOOe 79333032 
245.424680690489 
294.012283223718 
140.594940143789 
349.310338933105 
332.677039035712 
96.9296 18483615 
162. 8161 73920266 
288.248080208503 
29*’, 041820574640 
125.270533650814 
343.167300094994 
348.892749469715 
273.940800724478 
251.005542350967 
34.352476480938 
333.527262364QII 


2.76773486221919 
2.772094 74560706 
2.6' 13731 31 1 3551 
2. 361524811 03 765 

2 . 577496860470^4 

2.42491480351729 
2,38674690005845 
2,20180429262957 
2.386238134601X6 
3,1461 1700670176 
2.452812460339B9 
2.3340001 3395683 
2.576501 15332178 
2.50496060756109 
2.64193550372537 
2.92456182604570 
2.46099572952255 
2.29613875155678 
2.44?O046aO579O0 
2.40867246106227 
2,43558629194210 
2.90761325311040 
2.62767987909722 
3.13888535839389 
2.402263 19385035 
2,65493744041548 
2 ,34778644334808 
2,77710086768368 
2. 55574045526401 
2.36565813744399 
3.15208025913513 
2.58751632751542 
2.85807503603473 
2.60731018776032 
2.99629016198502 
2.75041 147713 108 
2.64260119088640 
2. •’4006372664992 
2.76860883916879 
2.26768871536396 
2.762842031 75440 
2.43921469061088 
2.20300382554166 
2.42241056369382 
2,71988088048347 
2,52577007003465 
2.87663163446547 
3.11 516637473362 
3.09790687128039 
2.65156428492959 


.07 199505593883 
, 233441 I 1 76 7120 
,25494865730276 
. 03969861 81 794 7 
, 18831 239 30OO5'’ 
, 203 73050538289 
. 22965306655787 
. 15547019OB96C9 
. 122012201 81470 
.10409052526605 
.10141005603533 
. aigaigoBBOTna 
.08537301890055 
. 16605043597530 
. 10993905110252 
. 1341 61006201 78 
.13330403420700 
.21728383587073 
. 1566621891 101 0 
. 14381555804060 
.16095920062072 
, 10335297004366 
.23259332400203 
.12225214956391 
.254852635127P1 
.08767960429033 
. 17U5033639914 
. 154143798551 1 I 
.07131892692019 
. 12636940039690 
.22425582991446 
,08398871747857 
,3412520462479 I 
. 10504194136879 
,22213737*’38459 
.29902093026227 
. 1748866649B416 
. 15677286256446 
, 1101 6591 748571 
.04643063605507 
.26957623000336 
,22717239749603 
.16908217799286 
. 15018125417558 
,00345173949375 
. 16913685214693 
,13617304826137 
.06131700526767 
.22588170279816 
.28546135580585 


MEAN- m-iTIC-N 

770.58375366239 
768.43306750754 
812.65225429100 
977.72744362564 
857, 45109090199 
939.64071063670 
962.27017192206 
1086.02170119144 
962.57793411337 
635. 33476404080 
923.65558172104 
QQ5.073*’2706537 
857.94319076136 
053.74006075303 
826.27101474506 
709.43949757378 
914. 5891954'335 
1019.78679111739 
929,29183954219 
94°, 16114979586 
933.47199455744 
715.65154806533 
833.00554304455 
63B. 03336971 755 
952.96224243659 
020.21014484535 
986.32192866732 
766,60544199256 
860,42327238419 
975, 16610500^48 
634,03126491104 
B52. 47553923797 
734.33822391514 
a05,A»3334821989 
684.11761371297 
777.07545362950 
825.96022353970 
781.94356444208 
770.2 1688207724 
1039.03796480903 
772.63164731163 
931 .38992157961 
1085.13401569545 
941.09820942235 
791.00058563950 
883.9,2 589254425 
727.24408313943 
645.33423500759 
650.73480779366 
321,77577315224 
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r,POtJD If MINOP PLANETS 


'3SCJLiTic»»i Tc; jULIflV nn ^ 2444000.5 


NU'^ APCPEB Hnn- 

1 73« 407.3597?A401 8 0. I 26 H 336 7630Z 

2 310.073790309463 1 7 2 , 73 5 7 1 41 32 

3 247. 0995641 2 r085 169.934798788120 
^ 150.922206800 188 1 0 3. 52 3 7f.o4 C® 1 1 1 

5 355.686855245207 141,430343371618 

6 238.126897343415 138,687850654451 
144. 133350254281 2 59, 5 1 2 1 4 5 50 0952 

8 284,473334737833 110.669686245945 

9 5. 154474618926 6 8, 6920 1 3442 1 93 

10 308.521783491244 285,166793066428 

11 192, 997636862241 125,184772013917 

12 68,488050450621 2 3 5 . 3602093 4 556 8 

13 79. 432 75 1 2 I 0691 4 3 , 3 1 5 6099 6 1 7-? g 

94, 88379B2273B6 86.525971128387 

15 96,683906750525 29 3 . 282 4 830 52 27 3 

16 224,208178277078 150.382959500930 
IT 136. 05 1 CT7I 38 162 125.164679125294 

18 227,069625254661 150.251403461260 

19 180.675141900476 211.855290158744 
2D 255.470685164391 206. 2 160 703 2 0934 

21 248.620378058627 80.649498127848 

22 352, 1532 146643‘^5 66.45 03618 44678 

23 58.406377799326 67,135950992960 

24 111.760902579890 3 6, 22 69 796 2 I 53 I 

25 90.040216400626 214.218083965856 

26 195.745703314698 4 5. 40 02622 2 7 1 23 

27 354. 9Q697064841 5 94,434022943210 

28 339.909576364318 144.380498553135 

29 63.300747919288 356.343645966506 

30 85.709216950638 307.690033240744 

31 64.211793963174 30,773042061412 

32 337.570190895607 22 0. 34 7- 003 55469 

33 335.657788821552 8.506425873085 

327. 90359523696 I 104. 0302 54703713 

35 210.627033626256 354.131123363293 

36 45.710792443003 358,650713274570 

37 60.947635892953 7. ^0 06 762 56429 

38 166,923142514125 296.018652647492 

39 200.72391521179 6 I 5 7, 05 7 3 p6 12 1 8 4 

40 269.840985880552 93.958464110651 

41 43.552340383080 170.523723456788 

42 235,732538365769 84.361805693888 

63 15,551794676589 264,726280299361 

44 341.964708910445 131,206058251617 

45 88,559201218395 147,606817999999 

46 174,692351440924 180,937730145921 

47 3 1 1 , 029"^ 40437655 3.504848057574 

48 257.162150730543 183.739995940635 

49 106,602319307045 287.987517914702 

50 190.916242170325 173,553254179902 


IN': LI nation 

10.597212116421 
34, 8091 1 1 32 3024 
13,004204599582 
7, 141 00558''448 
5, 34 1 51 1 4 72 877 
14. 776284292507 
5. 496587379632 
5.885137261884 
5, 583150444180 
3.805381734087 
4.623478101884 
8,377415151556 
16,53247753641 7 
9, 124823103P31 
I I, 741458289053 
3-098186339874 
5. 5Q26B3 70“'608 
10. 142788051719 
1- 55 7592486009 
. 70051 5220690 
3.072416415483 
13. 7302^13''8345 
10.165904815275 
. 767492234525 
21.551332026218 
3.554601611743 
1, 586874847301 
9.413480217700 
6-086571556886 
2,096894919518 
26.294059682184 
5. 462394420184 
1.903357981729 

5- 505899972310 
0. 033898587600 

18.549358557070 
3. 074994766771 

6- 971344798607 
10. 376256551929 

4.257412707395 
15.071706363692 
8. 534569997413 
3.470733813768 
3.710260993951 
6.5951409071 1 I 
2.316497823340 
991962797546 
6.550653425090 
3.155204576278 
2.825270826345 


AM .AN'^^ALV 

191 . 322445 1248 7'J 
181.839516398775 
336. 206308301056 
90. 1 94607203850 
42. 707949 1 58309 
237.259065552812 
I 34. 01 12 75483 142 
109. 389541383244 
335.6’'8058808709 
80.651 913639821 
I 34,610190414196 
58.822332397461 
308, 223803420375 
310.935607337026 
170, 1 6 7406 1 53 845 
291.786276979614 
195.702202554801 
90.605764485243 
26. 77959P354 146 
229,425399433703 

160. 192463268^36 

1 32. 521460664226 
202.263039213217 
267.968546857546 
26 I, 903020464377 
18.947008332842 
294.9481 37360650 
51. 302963756024 
359.037908165286 
35.901813196326 
26.3931 88618703 
174.593015383498 
263.907918997159 
102.428869735829 
321.512532586125 
20,427742440634 
232.307052738512 
76.4614 11258178 
58,222571960687 
212.BUD94239602 
248.774502849456 
31. 767009303113 
50.445982 191857 
229.713990612127 
71-0315282^9615 
86.996742902726 
354.851868593742 
322.3332 U155163 
106.874354090694 
64. 764764030847 


jr;p axis 

? = 76 75933 I 929690 
2 « 7735«.87 1 749895 
2,67066275002388 
2.36161029132050 
2- 577n‘^05302634l 
2,42510519537076 
2.38568662418699 
2,20225808135969 
2. 3P 5574 P9T33^1 1 
3, 14665069408959 
2.45350195196363 
2.33 3852 3933 3 830 
2.57587868184 383 
2. 5P6570 169095 16 
2.64030200350344 
2.92 5570634467,08 
2.46 9634 76901787 
2.29703321620346 
2.44231 325907360 
2.40903606B50368 

2.43 76P6 07-s 1 0355 

2,00^25360603100 

2. 62 795625803899 

3.13 7559 39010890 

2,40056450377230 

2.65537782882893 

2.34740419043575 

2. 77584423145532 

2-55499457304599 

2.36526862675886 

3,15394341912548 

2,5P6Q0450962'f62 

2.85025433940580 

2,68795293345008 

2.99826872305532 

2.74903267054625 

2.64343314937450 

2.73915301512029 

2 .■'6 809098R09 160 

2,26650580851165 

2-76362616306375 

2.43927025040765 

2.20322428876145 

2.42256576413000 

2. 720636901 55 312 

2 4 526324 66299 509 

2.87757288665580 

3.11377383672334 

3.09549253570363 

2.65232732483452 


ECC EN73 I r r Tv 

.07817464909565 
,23330135012112 
, 25475240640734 
,08985029636696 

- I B80 1 029969670 
, 203644H10965P7 
,22097418980071 
. 1560063811 9907 
, 12191317472737 
, 1043753641856 I 
, 10110357665378 
, 21077862 3256 1 2 
,08555567592867 
, 16590552691108 
. 1 9 30945 03 9265 7 
, 13387713507251 
, 13789934 73771 1 
=2 1753106399957 
. 15647647933176 

- 1 4365614 644092 
. 16093654621 »75 
, 10303070046840 
.23257261298266 
. 12261 1 1682 105R 
.25564715978793 

- 08793017844407 
. 17108503 10 1469 
. 15372423669499 
, 0711 7605012258 
. 12623531685542 
. 22475377493997 
,08429431908407 
-34137133712409 
, 10501467807964 
, 220824880951 10 
, 298901 R7458270 
. 1745130396413 1 

- I 5643293920946 
.10903100157741 
.04699035016292 
. 2693957886402 9 
-227 1 14 1488891 I 

- 16913325283069 
. 1 501 18 56955'’00 
. 08375463803476 
. 16905653150339 
.13625457068535 
. 06121179049698 
.22709722220835 
.28552179169568 


MFAN MQTrCN 

'“^0, 64206932259 
768.16210131022 
812,97651717250 
977.6 7435972197 
857.67385888595 
939. 53010'^2539l 
962.9 1173891539 
1 085.68604637565 
962. 9793P572794 
635.67300985902 
°23. 26625573646 
995. 16021577529 
858.2‘^919976201 
?52. Q43331 CI450 
826.304427741 78 
709.07258176004 
9 14. 2 3423 I 56^92 
I 019.19119170212 
929, 61 799907609 
940. 9462656^*524 
932. 2661 3734615 
715,4 1519750941 
832.37413724021 
630. 43787260550 
953.97392741963 
820,0061 0030662 
906.56205848646 
767.2094385031 8 
066. 30357970022 
975.40699945397 
633.46952661 197 
052. 77798021635 
734.26912545652 

805. 1 4497140633 
683. 44055041 090 

778. 1 2106664327 
825.57033060410 
732-67621174263 
770.43505046617 

1039.85149389732 
772. 30283926036 
931.35810005016 

1084.97194553485 
94 1.00777440738 
790.67989904518 
383, 63484196403 
726.88729073128 
645-76719174904 
651,49626908795 
82U42U7743469 
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^,cri|o rp w^^)no 0 |_/iKjc:Tr U L * ''' 7 CN ■ > JULr^i^ n^ r F 2 'V 00 . 5 


ftpappq ‘ir’nc IM'^ l ’ N a T i ON -<*c a N 'ANn*^a L V i;c Ml -‘.‘t jpo a yj S FCCFNTsiflTV MG'FIC^■ 

1 ■’3. 66'’«9 10^133'^'^ 3 0. 1 1 ^ '^■’ ^3 ^■’040 1 0. 5® 3 3 1 <S P ^ 7 3 1 3 2 7 (S, 7 i ?2 703 067 2 . 7 66 S ? 7 36 7 3 6 2 7 B . 0 7 3376 ) 16 3373 6' 7 7 1.0 8 80099662 9 

2 3!0. 12831 1678*775 1 7 2.731 7153390965 3 6 . 8 I 3 78 3 3 a 9 2 67 . 1 U 0 2 ? 796 72 0 ? . 7 7 3 3576 66 6 3 2 6 6 . 23318367187776 768.26156233322 

3 267, 198398660710 1 69, 0 3 306 7 60^9 1 3 . 00 55° 5 6 L 6 3 3 66 . ♦ 2 ° ^ <9 - 6 1 5 3 2 - 67 1 c 3 3 ^ 1 ^ I I B . 2 5 00 1 C C5 ^ 2 1 36 2 8 1 2 * 3 9 66 2 '^°96 08 

6 150. 78? 3 02 3 2 808 I 103. *^200 5 8? 48815 7. 1 6 12 6'^ 3 68 6B9 1 99. 00 10 5 9 1 7 00 2.361 00 7 701 39871 .09303636209681 978,06867508617 

5 3f5,76525f»665ll 7 1 6 I . 62 o t 8 9 7 O I ''0 ^ 5. 36 I 6*“ 3 I 5°0’9 l i 'J ^2 2 38 7 ‘>0 1 6 2 . 5 7 75 2 2 2 I 0 3 0 50 2 . 1 8 7 1«6 92 3 66 9 fi 1 8 57.6 3866 16 3366 

6 23B. 055 102668076 138.687096609566 16.775988676766 361.696015995521 2.62561966883233 .20355669601567 939.23133965603 

7 166. 076? 1106’597 250. 5 1 0 2 1 6? 56 7? 6 5 . 69 6 2 5 59 7 06 9 I 2 6 1,0857.^173 7 1 38 2 . 38 586 0 8'-)3 3 Q 6*-> 1 . ? 2 >9 2 0 7 7 9 7 6 7 7 1 962.8 1 836.^16966 

8 2^6 . ■J'T 1 ** ?P» 063 Of* 6 1 1 0 , 3 i 1 J 6 *1 1 6n ? 9 , o« 4 n o's S '■ 8'* .'MU . I 1 0^, ; W '1 2 . 2 C' 1 M / 2 iM 1 9 1 )' . I 5<> 3 1 < f 9 96 5 1 6 0 1 08f>. 1600 76 2308 7 

9 5.283306127)37? 6 8 . r>6 ‘M ■ ’’6 3 6 3 67) 5 . 58 > ? 7 5 I 8 7 03 ‘.> 8 ? . ' W- 6' U j-< 4 ? [ 8 2 . ’ H67,6n0‘,'>.4 1 4f,5 . 1 2 ? 3981 ‘■0 7 2 1 9 5 962.3 2876377556 

10 308. 658385655 715 7 8 5. 1 6n r 76 77 9 3 . 80 5 1 5» 6 3 6 8 ” ? 1 5 1 . 3 j> 2 I 62 ,M » 1 0 3 3 . I ^ 5'? 6 1 9 ^5 2 67 2 . I 06726 36 ?500 3 5 6 3 5 . =>6 86 66 503 I 7 

11 193.59986060666 2 1 2 5 . [ 7 ? 2 I 3 8 2 '• », 5 6 . 6 2 69*.6 3 2 1 1 9 8 2 3 4. 6 5 56 0 6 30 3 3 3 2,656068755 7 1 5 3 7 . 1 00 7 I > 2 2 ’ .’>?9 5 9 922 .96661069075 

1? t-8. 6 71 I 9509’’ 85 I 7 3 5 , .35 3 6 I 79 9 3 1 7 3 8 . 7 5 ''i 0 .3 ■*' 3 8 5 3 5 L 69 , 6 6 I > 7> 5 ^ 7 3 M 6 2 . 3 3 39 5 3 6 i I 2 (- 78 i . 2 19 5 1 6259 7*i02 9 995 . 1 0 36 0 7 3 23 I 3 

13 VQ , 3')03 I 5 5 2 3 I I ■» ,J . 2 p 06 “ 32 6 0000 1 7>, 6 3 i 9 6 5 6 3 . 6 ^ 1 ^ 2 tj 6f>6 06 2 . 5 7 7 I 56 95 0 92 1 96 . 0 8 6 1 09 6 J 5.3 6 769 857.60576672316 

16 96.8236355537)66 H 7) . 50 I 9 86 2 1 5 85 3 9 , I'- ; < 9 94 0/., 5 6 5 . ' 3 3 J 4 3 7 1 1 1 5 ? . 5 8 5M 6 H 5 7 5 I 5? 5 . 1 655098:108620 7 8 5 . 6 1 60 8 2 ? 39 3 0 

15 96. 5997)7 603 2 519 29 3. 2 85 5 2 02 96 5 3 0 1 1. 76 J49 9 R 3 5 5 26 ? 7 ' ' 0 ' O') 3 5 2(> 5 2 , 66 ; 6 ° 8 I 6 3 0 1 5 . 1 89 9 5*6 3 82 50 6.0 8 26 . 6 8 2 3 3 66 562 8 

16 2?'6 . 1655 799 I860 2 150.3327626 87 159 3 . 0 8 86 7 1 60 >j96 2 I 0, 1 7 3 05 3*) s5 6 0 2 . 9 2 5 I ). 7 3 3 I 5 s: 66 9 . 3 37) 5 1 9 0 ? ? 68 6 6 709.2 3761668622 

17 136. 0306 19836036 12 5.1 56 6595 53 289 5.690 707 362880 297 .! H .i6 202 7056 -1 2.6706067753^966 . 1 368 71 36360635 913,69675579667 

13 22''’,055360B1 0361 I 5 0, 25 I ‘*6 I " 3 5 60 3 I 0. I 6 5 6 d.6 0 ' P*' 1 2 2 03 . 85 0 ^ 1 5 22 3 .3 3 2 . 2*> 568 L 6 97 6 5 783 . 2 1350066563200 1020.09168802637 

19 181,012776526579 2 1 1.750323559706 1 , 55 3 82 08 R 6 7? 1 1 7 '' 7 6 05 65 6 9'1 2 2 . 66 3 7‘' 3 1 76 5 5 006 . 1 5 702 6 55'76 8 107)' 928.796691 71075 

20 255.587876167378 206,2070662 06230 ♦7008169 1525? 3 36 . 7668 20 2 , 6 0 R 1 1 5 2 0 5 7 06 3 .143561 30067363 <=i,c. 3 7235095056 

21 26‘»,9P63256‘'3626 8 0 . 589 2 7,36 1 2 226 3. 07 UV-FM 8568 2 63. 6 7677869 5 6 39 2 , 6 3 56 1 6 B 09 ) 7 R 2 9 . 1 6 1 7 26 ) 8 38 5 7 6 9 933,65665069056 

•22 -l-S?. 051 I 093 70 77 1 66.65 17 4768 736 2 13.72 760^)73766 8 2 6? . 0 9 1 2 6 5 09 8 3 6 I ? , 0 09 31 2 0 5 06 1 3 76 . 1 02 68 I 6 3 6 2 OB 2 3 71 5 . 0?68 0666 I 26 

23 58.696708012 5“'^ 67, 121362859537 I 0 , 16 66 1 6 Q6 74 7 7 2 96 . 7? .3 2 1 “6 B 2® 9 2 . 6 2 7 2 2 9 B 05 ® 5 207 , 2325625)951302 633. 2 1960667351 

26 111.766968267172 36. 230776366839 . 76 7506729859 333.938035569506 ^ . 1 ?. 8 3 66 ? 7 05 8 3 3 6 . 1 2293571 976695 638.19777355561 

25 90. 06037 76966 1 6 216.?l336 07 6 0t»*;6 21.5527 6 56195/2 7.39 9 9975276 33 2.6 00 76 6005 17033 .255R56 1021°6 9<> 9 5 3, 86576605267 

26 195. ■'“26560062 1 I 6 5 . 39 j ^ 6 57 ao 09 7 3.556590329576 I 09, B966 26 02 2 5 7 9 2,65 5 73950638669 , 088 1 7767666390 8 1 9 . 8 3S60 2 5 856 2 

27 355,069668990305 96,632555091985 1,586827766303 66.602261366978 2.36783872616066 ,17129389795935 9 S6 . 2 8B933 00756 

23 339, 935300885203 1 6 6, 3“ 0 7 050 “ " 32 7 9. 61 362929850'' 1 36.566103160372 2 . "^6 0 '' 3 576 “ 8 92 5 , 15365*^00793669 7^7,11435501536 

29 63.729826398869 256.335763506967 6.087169960990 95.079582706886 2.55680597693657 .07177119893315 067.88066971720 

30 85.9663313*)7R98 3 0 7. 66 1 9701 0668 7 2.09 4 694 996 306 16 3.96 1261003293 2.3660732940896? . 1 268‘^25B0 56‘'6 3'- *=7^. q 0<;4 5 oq2693 

31 66. 035 69- 2 •’a 23 0 3 0. 765506057166 26. 309356506 879 97. 0063 70667187 3.1 5 1 55608429587 , 2 26 70 3 0 76 8 806 7 636.1 8886026066 

32 337, 580857941255 ?? 0. 36 76 7' 7? P6 7 ? I 5 . 66 3 1 8 I 2 8 3 63 6 269 . 3 7 02 6 7 69 7 5 1 9 2 . 5 863 7 I 9 3 J 6 3 064 , 08 4 5 36 72 53 1 6 0 2 8 53.061395 13396 

33 335. 6U956'?69685 8. 5856995'^50*)9 1 . 903 300 53 06 R 3 3 6 5 . 5 2 5 R 80 3 3 3605 2 . P 59 27 9 6 22 1 P B 26 . 3 6 169728 0 3668 3 733.8762956765 9 

36 328.066563503606 18 6,019163879016 5. 506 50S 36 83 3,1 I 9 1 . 69 8 J 5 33 9 8 1 5 1 2 . 68 8503 8 87 6 1 85 0 . 10692127191969 806.89760696765 

35 210.693 086992 35,5 3 56. 12 9063 5 5 0012 B . 0 V 0 42 90 7 5 3 39 3 7.6392 79 355330 2 . °9 669 \ 7 0 1 29 1 96 , 22032220689086 686. 06859586556 

36 65.70 3613970694 35 8.6292066 72537 I B . 56 I 602 72 T 3 3 3 I 0 6. 6^ 1 4 Q9 69 3 76 I 2 . 75 1 3 86 65 7 86 9 B 7 .29985315700123 777.66193381139 

37 60.966083255661 7.486625701527 3.075029605133 326.000201396687 2.66319443206626 .17627757562573 825,68217390689 

38 166. 9266RB1 76091 296. 02 1 076 66 5003 6 . 97 082 ''2 6 P 3 6 9 1 6 3 - 6 3 R I 506 2 6 I 59 2 . ^ 3 9 5 30 7 24 6 2 "' 30 . 1 56 1 67Q 6 ® P 4 3 06 702, 5 I 63 5 I 50?6l 

39 209. 6207^^2439996 15 7,06 8 3 593 66 588 10. 370390993 797 1 6 3 . 02 66 30 3606 3'9 2 . 7 7 16 329 6 70 “ 763 . 10976291 760081 76 a . 0 6 1 90 7 605 T 1 

60 ?69, 525 1 55820709 9 3.957185356299 6 . 2 5 7 0 7 1 3 5 ■* 7 39 320.66 73 163066 16 2 » 26 70359 10 266 26 , 06698667502665 I 03 9, 6 86 792 00766 

61 63.605 1003*^2300 1 ~ 8. 6*>6 2 <^9 ] n?) -j ^2 I 5 . “7 052 6 7Q 5] 6 3 36 . 6" 00 76 06S c 08 2 , 76 5 2 5 1 8 IQ 0 0 656 . 2639 91335 27222 7 7 1. 62 1902 78768 

6? 235, 713197856669 86.3595503 7061 7 8.5362938 10233 1 3 5. 3 1'l 7 7 86 5 36 8 39 2.63905093232 355 , 2 26R8B51 3 7466 1 9 3 I . 6 93 7 B 095 2 2 3 

63 15. 67‘*50?5l609l 266. 721 7C81 03959 3.670963230506,179.1 141 92 23 462.0 2 . 20 20 2 ''2 32 I 9 3B 0 . 1 69 I B3 7 6 1 6 02 2 2 108 5.26530579660 

66 362.0 79 600365514 131,200 09 5666516 3. 710 313635 1 7 3 3 36, I 7 •■.816 6 08 94 9 2,621 8 16041+1199 .1500686 4919716., 961.465936 75156 

65 88. 6606666 96593 16 7.687 1292951 76 6 .59562 3 502004 1 5 0 . ) 6 0 6 4 7 1 69 2 74 2 . 7 I *’949 59 769 26 5 . 00605507502338 790.97961326373 

66 1''5. 20031 l«22Z53 I “ C. 05 02 02 3 I -'155 2. 32 I 63 '"'6 02 3 3 I “6 , ,M 0 3 35 6 4 6 I 8 2 2.52737526661 300 , 16949070193985 8 8 3. 083922 60860 

67 310. 898693019979 3 . FO 3 3 2 4 B 1 98 3 9 6.99 2366 163230 7 5 . /'6 6 0 I 0 3 2 0 9? 0 2.876771 75969253 . 1 3619012 551577 7 ?7 . 19096 8 57 93 2 

60 2*7.671707327093 183. 736500773638 6.550389518956 3 3 . 5 0 49 320 i 0 3'36 3.1 1632530527911 . 0 6 1 3 ''2 5 5 03 23 5 9 665. 59567569087 

69 106.666002008826 28 7.926 0 663 7 7 056 3. 156580632238 1 79, v.4 76 7962 0 097 3.09223398374826 . 2280566521 9006 652.52636651776 

50 199.180703099587 I 7 3. 68 3 2 66 0 Q9539 2.83 3960 9 74 3 89 15 5.603307082913 2.65323738901 517 .28681366970362 620.99859036537 
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B-12 


GRCUP OF MINCR PLANETS 


OSCULATICN IS JULIAN DATE 


NiJM ARGPER 


Noor 


INCL INATION 


an' ANOMALY 


semi-maji,^ axis eccentricity 


MEAN 


11 73, 7330>55C61 S6-i 

2 3l0,l<ilfl659^O2A2 

3 2A7. ia6AA5'569173 

A 150.A5139A 3RA 147 

5 355.700179367730 

6 233.031235202653 

7 144,027419573F52 

R 2R4, 294RA 1 735 102 
9 5.102590749375 

10 308.5l8l£535i07l 
U 193.334216203955 

12 68.510916943 H39 

13 7fl.P7776.567l 351 

14 94.920699771466 

15 96.536106267323 

16 224,064275987999 

17 136.175316369213 

18 227.036643566607 

19 18I.066446039C64 

20 255.7224 10116329 

21 249, 00670, 7590C33 

22 351.978905778911 

23 59.551874479737 

24 111.2B68224217Q5 

25 90,016232554018 

26 195,784578656294 

27 354.924207594 549 
20 339.953669701707 

29 63.529836032730 

30 05.976616701153 

31 63.9241 73369E35 

32 337, 1442 i9976 136 

33 335. 57416«986877 

34 323.2L7627706777 

35 210.787669640214 

36 45.7C8C69201230 

37 61.017699688455 
30 166.892798215651 

39 210. U8206363893 

40 269.279568138909 

41 43.437709146773 

42 235. 77O5324nC0Q 

43 15.416040584290 

44 342.097542019603 

45 88.482063159027 

46 175.415280051307 

47 310.7652 19191 222 

48 250.65423C78OT87 

49 106.444843162342 

50 199.305293153409 


80. 110846475080 
172.7J13356671C7 
169,920346473316 
103,497184512803 
141.429334135461 
n8.6?458049}U93 
259. S00753555378 
110.660551085735 
68,641672652362 
235. 1342516 17297 
125, 163669097449 
235.230752424259 
43.271335111265 
85.496684092535 
293.278862260322 
150. 38265076905 I 
125. 149747010994 
150.251091411742 
211.729446849919 
206.163509527388 
80. 586464 12 3 730 
66,440024135645 
67.116027535577 
36. 300269826465 
214,213030147894 
45. 390 3 36 I 73404 
94.424850898674 
144. 3822P8372849 
353.328547306244 
307.623016C01953 
30. 747057029062 
220. 3 If 4Ul 3 37310 
8. 582856144447 
184.019954100455 
354. I 3102255705R 
358.622680064396 
7.487285767976 
296.017983404361 
157.0251299C8920 
93,95155.4449717 
178 . 497027257869 
84,299329802412 
264.667970132043 
13 1, 195722383305 
1^7,684539208322 
18C. €63703846790 
3.5023C1889856 
183.722511259527 
207.905494173947 
173.509665412756 


l0.59-'9^.6530470 
34.813906103467 
13.004479750876 
7. 1 392669336 70 
5.34C938015632 
14.775912611676 
5,495709302633 
5.804442446058 
5.584257986435 
3,906129623156 
4.626818277325 
0.379397721637 
16.539094776671 
9. 122077245641 
11.738945003165 
3.086479374712 
5.59C551728027 
10. 14 52 84744978 
1.561391319211 
.701522004258 
3.07 1861612429 
13.728051435630 
10, U6976926199 
.766196624589 
21.555C759202 15 
3. 5549072850H3 
1. 536861038529 
9.412380450953 
6.C86131787036 
2.094453071943 
26.311957692256 
5.465063024162 
1.903199016725 
5.506996620901 
8.040008613113 
18.561444157389 
3,074965124995 
6.968931620520 
10.373357241567 
4.257275027106 
15.077804140462 
8.53C875465200 
3.469995903816 
3.7C9599236844 
6.595514359646 
2,323431702296 
4,992343473005 
6.55403430L372 
3.155191152157 
2.837453861804 


2.347P56970589 
352.426001724136 
156.6C540017871 1 
307.973370480362 
233.1 54108014444 
86, 102710249019 
348.098888125280 
350,925208179528 
189.691293809800 
221. <505630132700 
338.789499880355 
279,943552571609 
13<>. 457691930429 
140,5 10838025235 
1,99674455°538 
89.533161544148 
38.612430271862 
317.249095663950 
232.937745815102 
80,113721724453 
7. 1907^)449780 
341,594847845497 
27.267232402896 
50.082194995336 
113.925957673649 
200.99?642028959 
154. 1 31206778718 
221.731931081027 
191 , 728888084775 
252.35587226U59 
167.640593419243 
4.54605 1651 425 
67. 109343982229 
280.969135753130 
113-324185349533 
193.197945751649 
55,716582115386 
250.392410362364 
227.7C2203227410 
84.399881717949 
60,410640252011 
238.724053062621 
299,745334149324 
78.7 11 577960005 
246. 874505390337 
282,523163715100 
156,713244390343 
104. 194840057525 
252.149809871475 
246.719295124517 


2.76714761 943742 
2. 77247399751332 
2, 67061172081 965 
2.36222533962895 
2.57810939467424 
2.42511001570518 
2.38627253490435 
2.20l98774Q4flc66 
2.3352717757316? 
3.14445191164052 
2.45305172619625 
2. 33525055016629 
2.57569390561306 
2. 5H625434333977 
2.64185751051036 
2.92420616010232 
2.46989902472299 
2.29567103066043 
2.44185060236602 
2.40947705728303 
2.4 J ‘JH 164 15 58547 
2,90937669457756 
2.62758862735087 
3,14055090868641 
2,40030015054793 
2,6549 760758 392 3 
2. 34640469294048 
2,77696249010833 
2.55491702162121 
2. 36486215966514 
3.15062784159970 
2.58706194312206 
2.85360675714929 
2,68794103716164 
2.99759444758638 
2.7473 180258 3597 
2.64290583270393 
2. 7403747 985B4 80 
2.76910768994286 
2.26659423792162 
2.76452908313321 
2.44109259803183 
2.20376559245685 
2.42273632369337 
2.71921283575992 
2,52520701783881 
2.87595162807425 
3,11898950606530 
3.09148257479241 
2.64949183170596 


.07869673854034 770. 
.23304033882401 758. 
.25647233375405 812. 
.08974058990790 977. 
.18750184031534 057, 
o2Q33671Q873l84 939. 
,22906333901497 962 , 
,15630372442243 1085, 
.12298220231731 963, 
.10516766002159 636. 
,10089861221973 923. 
.2 1859620074991 994. 
.O0612«15417608 058. 
.16536569316556 053, 
,18092587143695 826, 
. I 3340895667447 709. 
- I 36 68 64 79 3 684 2 914. 
. 21874312927964 1020. 
.15801044087041 929. 
,1 4400031663607 948, 
,16194634109491 933. 
.102500U236313 715. 
,23272363246390 833. 
.12395772023944 637. 
.25596610102376 954. 
,08851438322687 820, 
.171 04054458498 986, 
. 15308272265562 766. 
.072721011 31294 868. 
.12753231849539 975, 
.22471621192492 634. 
,08483065542011 852, 
.34144211319110 734. 
.10488880094820 605, 
.22033430945952 683. 
,30158161843606 778. 
.17411691451011 825. 
. 15579228309075 782, 
.11072435221596 770. 
.04687475514247 1039, 
.26371004229778 771. 
.22580752938524 930. 
,16863928874390 1084. 
.15060064033103 940. 
.06437815770770 791. 
.17024577015311 084, 
-13624816996817 727. 
.06257193676696 644. 
.22850609028741 652. 
.28849495850810 822, 


M07ICN 

82906606537 
60879936556 
99981843112 
29255163930 
14552575606 
52730598532 
55711952517 
88598246912 
16295545635 
33987534506 
52044768432 
27461 169240 
35155666654 
C99574C7260 
30901235773 
56893401511 
08751394181 
09846461914 
80221325906 
7C93H403060 
33856357792 
00098680214 
04893674953 
52597797972 
08382793942 
19224126525 
87703414194 
74606238373 
04313722763 
65348634229 
46974144410 
30476949457 
13334527272 
15031652777 
66945133651 
97697746830 
81742153715 
15234122046 
01078157105 
79064099587 
92417350383 
31536528079 
57222294642 
P 7927966310 
30110507419 
22154602140 
50202898818 
14806173279 
76426340129 
74016082991 
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sx-a 


',a,njt> QP MINOR 


nSC'JLATION I JtlU AN JATF 2'^^*5?.00,^ 


NUM AROPSR 


NOOF 


INCL 1 NAT ION 


MF an' ANG^iALY 


^PMI-MAJOS axis fCCFNTRICITY 


MEAN MOTION 


1 73, 37q8B473 JClS3 

2 3l0.246SA42?.)53fe 

3 247.2244 74090*30^ 

4 15C, 5Cf)863 392 357 

5 355. P203t84256ib6 

6 238.160031011071 

7 144.014037962119 

8 284.26C604745714 

9 4.cfl2786l93S77 

10 308.5943511 <4396 

11 193.900271031069 

12 60.603939583379 

13 70,766371864060 

14 94.992046601826 

15 96.476566908140 

16 224. 144688737 119 
I? 136.272296701370 

18 226.990834454515 

19 181.019202591329 

20 255. 505049011 19 1 

21 248,952719339237 

22 351 . P706O6361 115 

23 50.424677105409 

24 110.739873124577 

25 89,976199232744 

26 195.802248462699 

27 354.^44089394519 

28 339,941065155714 

29 63.356095080252 

30 85.808438899116 

31 63.846040338749 

32 336.850515370621 

33 335.532161435527 

34 328.350372918025 

35 210.067017808776 

36 45.749611427162 

37 6L.45O67C380452 

38 166.071012137671 

39 210.3458^5327899 

40 269. 3169 1 R3C3486 

41 43.510169231607 

42 235.030624711720 

43 15.507966774427 

44 341.913901610529 

45 8 8. I 1525C639S 13 

46 175.401462432732 

47 310.599493695127 

48 258.471634320907 

49 106.385649377044 

50 199.355725952466 


R3 .C649H':jC A7n4 
172.71)616936006 
169, 694516186316 
103 . 4797C2967551 
161,620717542534 
135.653739040151 
259.493493754658 
U0.63'' 76 767= 788 
68,639624243473 
285. 134 IC548C11 2 
125. 157686309812 
235.275467797886 
43.270483406185 
86.484975605243 
293. 2750C251’ 317 
150. 378635413172 
125. 14 )9708 72650 
150.246432605017 
211.728013208213 
206.200147941934 
80.583»52S15992 
66.44075771 1538 
67. C99 3085^ I 066 
36.275694924975 
214. 2l‘W25019983 
45.390683598366 
94,424101509922 
144. 373425030256 
356.329520529601 
307,613535980607 
30.747039153346 
220. 317236164274 
8.576279324997 
184.019385254770 

35 4.12^18179992*. 

358.608 15 I 326880 
7,t5d3?0695697 
296.002523796049 
157.013419610978 
93.94l6a7467876 
178.495868367995 
94.254.5420^*^272 
264.655034751986 
131. 177595708117 
147.672918404241 
100, 063306923214 
3.506125652231 
183.6966027OC782 
287.902610829882 
173,510391986315 


10.604297242593 
34 . «0 10473326 1 7 
13.0030075'’9462 

7. 14C350-; )2273 
5.340751478027 

14.767641342150 
5,496091802195 
5 ,88^697 i*,i2 85 
5 . 50422 1 331751 
3. 806707572507 
4.626535271197 

8. 36164881130'' 

16.5 19056895232 

9. P 2 38 3702988 
L I . 740302266549 

3.0878664971 17 
5.590169378082 
10. 1450860161 99 
1.561453349719 
.702505037745 
3.072029944675 
13.729320697206 

10. 172425027445 
.765025630926 
21.555362229069 
3. 554896462888 
1.506863369895 
9.41 U 58255051 
6.005817935345 
2.094099851780 
26.3 1 19144 27625 
5.466565234437 
1.903272068443 
5. 506994959556 
R. 017907400249 

10.5 6000 , .) 7 14 06 
3.069616105073 
6,96e673858l96 

10*3732290449 17 
4.257239155128 
15.875721862963 
8.534899453810 
3.47C664966U0 
3. 7C9959048806 
6.593594502529 
2.323420422865 
4.9913507472 19 
6.551544666016 
3.154774909074 
2.837454033685 


80.26227 3966320 
77.729636393635 
247,OOal6O3O0739 
56. 55«1 37638009 
32B. 3 46 30225649b 
190. 352 309 164 10 5 
95 ,009243951 102 

1 1 1.6 396 I 2042 19 3 
296.833402093556 
292 .647531777800 

8 1 . 1626 1 2608933 
30. 169505556996 

2 34. 74.1 9 1 1504433 
235.2C294008O1C6 

93.094476655395 
168. 10102 5885279 
140. 055C8 I 001 254 
70,629101 592053 

3 36,3 161 1 1874818 
1 85.7 40 340342‘='05 

1 10. 93489606105 8 
61. I 5512B15591 2 

1 19.919094323836 
121,560906677122 
220.007602232221 

292. 1 36704873434 
.’63.889207422279 
306.915733177307 
288.459229465043 

. 8 392489 12757 

238 . 1 35869959802 
99. 579041313898 

148,767338096091 
10.325624616363 
189.169 369606*^ 1 2 

2 79,79 16646989 76 
1 46.909425S9R129 
337,309391517771 
313. 1 04867848708 
199.898671490976 
146.070539115036 
341.951791399428 

60.208532087492 
183.510345798030 
335. 148296340139 
20.777820322478 
237.'»23704676292 
175.925034321624 
324.746525961606 
330, 130472602*867 


2 . 76 74 86 0 )4 729 38 
2, 773803615999P1 
2.66851 723809235 

2. 36 11 55 99 76 
2 . 57 774494406095 
2, 42667564606o9O 
2,38500049264758 

2,2016621)645614 
2. 38574293795234 

3, 14 30762 37 16452 
2,40 309265054977 
2 , 3 345 361 798206 1 
2,57630622942075 
2. 5366034^689-779 

2.64 1 12201488288 
2.925701 3975)609 
2 .47039474869702 
2.29557756804863 
2.44223211692905 
2,40791768932361 
2.43565133006107 
2.90034720973550 
2. 626686875808 15 
3. 13676922942130 
2.39996061873806 

2 .65 470‘^62 3974ie 
2. 34 70499 38 755 39 
2.77718473227615 
2, 5551 5735993880 
2.36543062672881 
3. L5 1 32 1 48B 1 2589 
2.58643087184268 
2.05787345412806 
2.68751945831299 
2.998'>7456027107 
2. 74 66 3400621 6 I 3 
2.64554863850143 
2,7404047825 1293 
2. 76790282146639 
2.2673164D790621 
2.76542545259204 
2.439900198046 10 
2.20339674493101 
2,42143995223117 
2.77O0R7917O7456 
2.52578181115669 
2,87696447105040 
3. 11425933737153 
3.09243041723129 
2,64902367825356 


. 0"' 9^*99902684 55 
. 2 334 773899-'1 05 
.2574013-3870060 
.0892^590225859 
,18T?98019B3176 
,20266340947409 
,22960346840812 
,156145R2230»49 
.12296843490117 
. 1054 35 1 1420829 
. 10114336710649 
. 2 184228 7805480 


7T0 . 68 7 34"'7792l 
768.05621 843417 
813-957 1745 35 1 I 
97 7 . 354 38 800832 
857. 32731 153421 
930.61321299990 
962.78741947736 
1036. I 2690790P06 
962 .87764584609 
636.51466342459 
923.21506253812 
974.73102585549 


.08587462622253 850.04556167859 
.16516033812542 052 . 502 14 51 81 51 
.10976073168619 8 26. fc 5420 02 99 3 5 
.13278410017029 709.02504472306 
. 13682017105002 913.81 2.30346097 
.21876006302168 1020.16076399768 
-15821293578472 029.66432871696 
. 1 4467355096014 949-60746219041 
-16209921675654 933.43460567258 
.10221765235132 715-38066016047 
.23340384419731 833.47705604315 
,12402624165671 638.67912422785 
.25615997550456 954.33401079908 
.00875675121674 620.31756181273 
. 171B692I263790 986.70622702153 
.15283850760166 766.65402678958 
.072B5850621709 860.72055492170 
. I 2 7667 C6 1 30479 975.30679791098 
.22455463117799 634.26027050543 
.08440885291314 85 3 . 0 1 22 3 72 20 1 2 
.3414 59906 89510 7 34.4 1592079960 
.10485265536302 805 . 3 3977<f0 87 27 
,22019343030*^92 68 3. 4 3 8 55456899 
,30222750061234 779.40073411073 
.17428232901656 624.58028374001 
.15558711349603 782.14000445785 
.11110535982429 770.51361498047 
.046 45 84 26 23577 I Cl 9 . 29 390 01 4 042 
.26865335282536 77 1 . 54922803204 
. 225239702 1 Q555 930.99742014766 
-16047672777311 1084,84456962423 
. 15100030205195 941 .66411 1 6f969 
.08469580421051 790,57048530474 
.17 04 0329505927 03 3 .9 1, 97291 4387 
,13596766600142 72 7 , 1 1 78 8 427 3 30 
.06465302513831 645.61617323082 
-22870480103035 652.46164222402 
,28380665667234 822.95827080763 
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Appendix C 

RECTANGULAR COORDINATES AND PERTURBATIONS AT FUTURE DATES 

Appendix C contains the perturbed equatorial rectangular coordinates and the 
perturbations in these rectangular coordinates for the minor planet 1 Ceres at 
each 4-day date from 1972 October 10 (244 1600.5) through 1983 September 23 
(244 5600.5). The perturbations are always with respect to the elements osculating 
at the preceding 400-day date and contained in Appendix B. 

Note that the perturbations are listed in terms of the 10th decimal of an astronomical 
unit. 
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I 


r r® = S 


P = CT4Nr,ULAP SrAC= C'^”=DINAT£S 


3 


L 

STEP 

JUL*A^’ O^TE 

X 

Y 

1 

0 

766160Q.5 

-7.66M666 76828 )98 

906908605 772877) 

2 

1 

2661606,5 

-?. 6360'7Q83692T03 

-,9662795O3033‘'O5 

3 

2 

2661608 .5 

-2.6 2676 51 73325 616 

-.901? 9 9776 6 66^^63 

6 

3 

2661612.5 

-2.6 1201 081 5723320 

-1.0H2603P530222 9 

5 

* 6 

2661616.5 

-2.399020151676108 

- 1. 056052 356635636 

6 

5 

2661520. 5 

-2.? 9539P7P7936765 

-1.091 166836726383 

7 

6 

2661626,5 

-2. 37115C96533T163 

-1. I2'^195120992575 

8 

7 

2661629 .5 

-2.356283602002663 

-1.162928635660355 

9 

8 

26616 12.5 

-2. 360801696859093 

-1,198358969378966 

10 

0 

2661636.5 

-2. 32671 1 106382239 

- 1, 2336 77773 393162 

u 

10 

2661 660.5 

-7.30801826^'‘68537 

-1,2632 76963200208 

12 

ll 

2661666.5 

-2. Z'=0""2P 1 825950 

- 1. 302768520267016 

13 

12 

2661668 .5 

-2*2 7285 00 8 3 393669 

- 1.336886 593 1 10506 

16 

13 

266 1652,5 

-2. 256387690828705 

- 1 , 3706 7 7677 76756 3 

15 

16 

2661656.5 

-2.235367956766061 

- 1,606119618036086 

16 

15 

2661 660.5 

-2.215738176998628 

-1.637203606761230 

17 

16 

2661666.5 

-2. 195566983293665 

-1. 6699221 87550900 

13 

17 

26A lftft8 .5 

-2. 1 76835319062639 

-1.502263256667510 

19 

Ift 

7661672,5 

-2, 153556265061386 

-1.5362368637P5699 

20 

19 

26616‘"6,5 

-2, 1 3l'36932"66738 

- 1. 565615213367657 

21 

20 

2661 680,5 

-2. 1 993T8ftft0821663 

-1,59700266668691 5 

22 

21 

2661686,5 

- 2. 0 8660 68094,06066 

-1. 627700-^32222756 

23 

22 

2661688.5 

-2.063090 85 795 1 167 

-1.658173086261536 

26 

23 

2661692.5 

-2, 039176380203221 

-1.680163552916056 

25 

26 

26616'56.5 

-2. 016'^5306062366l 

-1.717696116331766 

76 

25 

2661 700.5 

-1.909836590686559 

-1,7^6826908838320 

27 

26 

2661 706.5 

- 1. 966626866C51661 

-1, 7^5526230928376 

28 

27 

2661703.5 

-1.933537776788961 

- 1, 803 708531220619 

29 

28 

2661712.5 

-1.9121753U639320 

-1.831612616368918 

30 

29 

2661716.5 

- 1. 885367535310862 

-1. P5 89Q066879P98 6 

31 

30 

2661 720.5 

-1.058062576589120 

-1.885918166707675 

32 

31 

266H26.5 

- 1. 8 30320622631691 

-1,912369983631201 

33 

32 

2661 728.5 

-1.B02153933166361 

-1.933601300256967 

36 

33 

2661 732.5 

-1. 773566816366501 

-1.96396774,3^00512 

35 

36 

2661736.5 

-1.766515636963127 

- 1. 989026587562255 

36 

35 

2661 760,5 

-1.715O68800259502 

-2.013627608361096 

3'' 

36 

2661766.5 

- 1. 685216769*”5655 

-2. 03775266502625b 

30 

37 

2661 768 .5 

-1 , 656962065080565 

-2.061395689266657 

39 

38 

7661752.5 

-1.626319169697676 

-2.086552877665322 

60 

39 

2661756.5 

-1.593296726598223 

-2. 107220699596661 

61 

60 

2661 760,5 

-1.561897326706065 

-2. 12^3 9 6 992 5 869 10 

62 

61 

2661766,5 

- 1 . 53013 5623893010 

-2,151072962337251 

63 

62 

2661769 ,5 

-1 .698018291533327 

-2. 172251031616075 

66 

63 

2661772.5 

- 1. 665556 C3 0691099 

-2.192926287957706 

65 

66 

2661776.5 

- 1.63275 1563636126 

- 2. 213095586752566 

66 

65 

2661 780,5 

-1.399619633000782 

-2,232756137795677 

6f 

66 

266H96.5 

-U 366166997173053 

-2.251905255093590 

68 

67 

2661788.5 

-1.332602628571712 

-2. 270560305663383 

69 

68 

2661792,5 

-1.29R336710835839 

-2.288659117132838 

50 

69 

2661796.5 

-1.263972636295925 

-2. 306259176656005 

51 

50 

2661800.5 

-1.229325003699326 

-2.3233386276161 16 


Z 

,07 HI 

.05HA/t598l318^3 
. 0'»?0^.39l n SI 79ft 
.0 HI ' ^T i6203=>3P 
-.00771 76S607SI 18 
-,027ft0802A H3929 
-.D47i»aLl 57563 l51 
-.06737)1878699261 
-.0872 150^<<5P'’720 
1070^,55'i86A6ft31 
HcjR4B327^l3'V82 
H66 I R337 l«^2oi 
16635060'^ -V35 hA 4 
1 flftO^OH I7^t''i»3 1 
-.205682173761168 
-.22527 169328056^; 
-.2A6803958092982 
-.266276193561958 
-.28367768'»989021 
-. 303 976 6 097501 

-.322265619865239 
-.3616612PS51P6Z1 
-, 3605316666351 89 
-.379532690959i»08 
-.398639369278535 
-.617267956281191 
-.635953965335667 
-.656553167230691 
-.673061390931957 
-.691616526181758 
509668516260118 
52'^7a9368691062 
-.565803155075006 
-.563676003626506 
-.581616106567731 
-.599013711033966 
-.616671136662170 
633762756735657 
-.650965008663927 
-.667956392576220 
-.686907671818083 
--7015008'3151 392 
-.718031286055691 
-.■^363° 566665‘^361 
-.750590229913236 
-.766612657506608 
-.7P265°003916630 
-.798127166719153 
-.813613687686381 
-.820915850712971 
-.866030834215696 


PF3TJR8ATnNS I 10-TH OEC 


-0 

-0 

-0 

252 

1 33 

-9 

1 02 9 

530 

-61 

2362 

1182 

-100 

6283 

2085 

- 190 

6822 

3239 

-312 

lOOlO 

6661 

-669 

13876 

6296 

-661 

18666 

8198 

-690 

23 767 

10353 

-1 157 

29005 

12755 

-1667 

36652 

15 3 95 

-1826 

66332 

18265 

-2266 

52902 

21365 

-2726 

6262b 

26710 

-3270 

72961 

28336 

-3866 

86569 

32283 

-6690 

97217 

36593 

-5129 

1 10905 

61303 

-5763 

125863 

66 667 

-6375 

161960 

52053 

-6951 

1 5P9P6 

5R167 

“7679 

177239 

66756 

-7965 

196627 

71896 

-8339 

217151 

79530 

-8650 

238810 

07855 

-8866 

261602 

967 11 

-PORO 

265522 

106171 

-8982 

310565 

116267 

-BP66 

336723 

126968 

-8619 

363986 

136281 

-8263 

392366 

150266 

-7733 

6?1 790 

162331 

-7092 

6 52 3 2 1 

176026 

-6326 

683952 

189811 

-5665 

516710 

2061 72 

-6656 

550636 

219 no 

-3362 

585758 

236660 

-2155 

622106 

2507P6 

-022 

659685 

267566 

-66 7 

693506 

2 8699R 

2266 

738570 

303090 

606 1 

779882 

321868 

5979 

022669 

361270 

8006 

866279 

361390 

10366 

911382 

3821 56 

12818 

957771 

603602 

15652 

1005659 

625726 

18268 

1056663 

660519 

21269 

1106793 

671980 

26660 

1156680 

696132 

27066 
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cgrTANr^Uli^ SPACE CCCPDIV4TES 


i* 


L STEP JULTAM ms rr 


Y 


PPPTUP BAT I :DA;S ! N 10 


l 

51 

2441 B04. 5 

2 

52 

244 1 008 .5 

3 

53 

244181?. 5 

4 

54 

2441016.5 

5 

55 

2441 8,> 0.5 

6 

56 

2441 024.5 

7 

57 

244 1820 ,5 

8 

58 

244 103?. 5 

9 

59 

2441 03 S. 5 

10 

60 

7441 640.5 

11 

61 

2441844,5 

12 

62 

2441043 ,5 

13 

63 

2441852.5 

14 

64 

2441 886 .5 

15 

65 

2441 860.5 

16 

66 

2441864.5 

17 

67 

2441868 .5 

16 

68 

2441072.5 

19 

69 

2441 0''6.5 

20 

70 

2441880.5 

21 


2441004.5 

22 

72 

2441P08.5 

23 

73 

2441692.5 

24 

74 

2441BQ6.5 

25 

75 

900,5 

26 

76 

2441'504,5 

27 

77 

2441908.5 

28 

78 

2441917.5 

29 

79 

2441916.5 

30 

80 

2441920.5 

31 

81 

2441924.5 

32 

82 

2441929,5 

33 

83 

2441937,5 

34 

84 

2441°36,5 

35 

B5 

2441940.5 

36 

B6 

2/.419A4.5 

37 

87 

2441948,5 

38 

88 

2441952.5 

39 

09 

2441956.5 

40 

90 

2441960.5 

41 

91 

2441964.5 

42 

92 

2441960,5 

43 

93 

2441972.5 

44 

94 

7441976.5 

45 

95 

2441980,5 

46 

96 

2441984.5 

47 

97 

2441980.5 

48 „ 

98 

2441992.5 

49 

99 

2441996 .5 

50 

100 

2442000.5 


-I, 

-1. I S')?'") 6 27 30510 7^ 
-1. 123 75^)7037 70167 
- UO'“^05AO/,3M1«,02 
-1.05711 l5/t66972ee 
-l.ai5^353’~35^50l 
-, 9 79535200735066 
05701 o<S0l 503 37,6 
-.O07>00 7003262502 
-.86907B75752P75? 

« 31B6P551 604367 
-.794400514515616 
756919814063040 
-.719195109072427 
-.681 31 8070855970 
6432 ‘> 4180=47642 
-.605133144481467 
-.566843470017591 
-.528433676034482 
-.409917757566125 
-.451287664000925 
-.412568377312961 
-. 373762616P31779 
-.334878399021694 
-.295925481736445 
-.256910638742625 
-.2 17B4260314094? 

1 78729565673653 
-.I3957«673464lll 
-.100401029779121 
061201604440845 
-.021989603816950 
. 01772"»030437051 
,0564405223fl"243 
.095642918001665 
. 134P2637152U09 
. 173983U5842584 
. 2131054124191 13 
.752195582010755 
.29121 5990165377 
, 330189057347514 
.369097256987356 
,407933111933910 
,446689200189910 
,485358152375390 
.523032653191363 
.562405441682525 
.‘600769311935880 
.639017113954242 
,677141754652769 


- 2 . 3 3 o 8 4 8 6 8 4 3 " 3 8 5 

- 2. 3559266 33 10080H 
-2. 371 43 IOB788474H 

- 2, 38640933 1 121 143 
-2.400,857191506003 
-2. 41 4*^''4226 730'^00 
-2. 4281 59220716187 
-2.44 ion 079652910 

- 2, 4 53 328635046406 
-2.465111638234404 
-2.47635876220385° 
-2.487069599746107 
-2,497243662354890 

- 2. 50688057838095B 
-2.515980091351878 
-2. 524542 05867877fc 
-2. 532566449903200 
-2.540053345216805 
-2. 547002933997220 
-2.553415513304088 
-2. 559291486420761 
-2.564611361421505 
-2.569435749771998 
-2, 573705364976746 
-2.577441021279554 
-2. 580643632382348 
-2.583314210040825 
-2.505453362259172 

- 2. 5870637909604 14 
-2.580145289689052 
-2.588699^42192560 
-2.580773621947197 
-2.508233491578848 
-2.587216001641409 
-2,585677809651322 
-2, 583620978384332 
-2.581047174361899 
-2.577958466724510 
-2. 5"'4356925657938 
-2.570244701 104542 
-2.565624021408400 
-2.560497192471189 
-2.554866595514541 
- 2. 548734697277076 
-2.542103997405064 
-2. 534977128439436 
-2.527356754275303 
-2.519245619248551 
-2. 510646537006622 
-2.501562388985278 


-.85P.?5580°02‘i=77 
-.8736H83687H3H49 
-,H8H ’2 56 30642122 
-.902 565134 1 722 39 
- .9 16 7043"^! 70o42 I 
-,°3064097''85P680 
-.944372528801757 
- .05759674 1 41405 I 
-.0712113729 34626 
-.9843142408442 10 
-.9f"203223212402 
-1. '09376258363612 
-1.022331344703502 

- 1 .03456654 0605 873 
-1.046570963436373 
-1,05^369^89250037 
-1.069934252919595 
-1 .08 12 7 1647 1 144 13 
-1.092330322136407 
-1.103258685459068 
-1.113905201309336 

- 1. 12431 8390254302 
-1.1344968287966»5 
-1.144439148988774 
-1.154144038073056 
-1.163610238140100 
-1.172836545736999 
-1.L81821811267753 
-1.19O56493&063773 

- 1 . 199064881362091 
-1.207320647682160 
-1,215331294752993 
-1,223095931494093 
-l.230nl37l764L305 
-1,237883863509332 
-1.244905629380327 
-1.251678324087799 
-1.258201300656638 
-1.264473987684838 

- 1.270495816846029 
-1.2'' 6266298416374 
-1.281784931573071 
-1.287051461919546 
-1.292065381011900 
-1. 296826425919441 
-1.301334328798966 
-1.305588866510647 
-1.309589860257226 
-1.313337175131580 
-1.316830719762791 


1209528 
1 263958 
1 3 1978-' 
1377336 
1 435 732 
1495°!’ 

1 557645 
1620383 
1 685988 
1 752705 
I 02L164 
1 091 389 
l<=63 393 
2037193 

2 1 12799 
2190219 
2269460 
2350525 
2433415 
2518129 
2604659 
2692996 
2783128 
2875036 
2966700 
3064102 

3 161227 
3260070 
3360645 
3462971 
356^061 
3672914 
37B0520 
3809860 
4000913 
41 13660 
4228081 

4 344160 
4461883 
4581239 
4702219 
4024819 
4949035 
5074867 
5202320 
5331393 
5462U3 
5594482 
5728533 
5864313 


520948 

546436 

572591 

599403 

626850 

654941 

683645 

7429 76 
7 73667 
8050 83 
837274 
870255 
9040 56 
936704 
974221 
1010630 
1 04'953 
1006209 

1 125418 
1165596 
1206758 
1248914 
12920 70 
13362 26 
1331372 
1427489 
1474553 

.1522544 

I57i451 

1621278 

1672032 

1723711 

1776310 

1829810 

1884188 

1939412 

1995444 

2052243 

2109760 

2 16T°44 
2226739 
2296084 
23459 14 
24061 60 
2466748 
2527594 
2508609 
2649695 
2710749 


TH Dec 

31424 
35204 
39104 
43365 
47740 
52306 
57058 
62003 
67155 
' 72537 

78171 
84081 
90268 
96012 
103673 
1 10991 
118484 
126472 
1 34874 
143708 
152994 
162748 
172980 
183728 
194980 
206751 
219045 
231060 
245196 
259060 
273465 
280428 
303966 
320092 
336815 
354142 
: 372075 
390614 
409758 
429501 
440830 
470761 
492259 
514320 
536931 
560075 
583731 
607875 
632477 
657505 
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CERES 


RECTANGULAR SPACE COORDINATES 


3 


L 

STEP 

JULIAN HATE 

X 

V 

1 

0 

2442000o5 

.677141754652325 

-2,501562389986116 

2 

L 

2442004,5 

.715136198436099 

-2.4919961223/1845 

3 

2 

2442C08.5 

.752993466749764 

-2.481950748105135 

if 

3 

2442012.5 

. 7907066 37013882 

-Z.4 71429339822350 

5 

4 

2442016.5 

.028268842141771 

-2.46C435C33650887 

6 

5 

2442020.5 

.865673270039821 

-2.440971027865340 

7 

6 

2442024,5 

.902913168412454 

-2.437040582395525 

8 

7 

2442028.5 

.939981337134553 

-2.42464701 7643693 

9 

8 

2442032.5 

.976872637032099 

-2,411793713543531 

10 

9 

2442036.5 

1.013578985978995 

-2.398484108260547 

1 1 

10 

2442040,5 

1 .050094359557107 

-2.384721697458502 

12 

11 

2442044.5 

1 .0364 12291780825 

-2.370510033107180 

13 

12 

2442048.5 

1.122526374023941 

-2.355052722562995 


13 

2442052.5 

1.158430259210341 

-2.340753427600408 

15 

14 

2442056.5 

1.1941 1 7653890565 

-2.32521586431951 7 

16 

15 

2442060.5 

1.229582326291393 

-2.309243800517834 

17 

16 

2442064.5 

1.264810102364487 

-2,292841056601208 

18 

17 

2442068 .5 

1.299810806632897 

-2.276011504863348 

19 

18 

2442072.5 

1.334578562256922 

-2.25875906700591 1 

20 

19 

2442076.5 

1.369091191169566 

-2.241087715524003 

21 

20 

2442080.5 

1.403350814369333 

-2.223001472120970 

22 

21 

2442084.5 

1.437351552459361 

-2.204504407207310 

23 

22 

2442088.5 

1.471007586328991 

-2. 185600636804829 

24 

23 

2442092.5 

1.504553157429378 

-2. U629433O930O3O 

25 

24 

2442096.5 

1.537742567059865 

-2. 1465 89692080312 

26 

25 

2442100.5 

1,570650175046922 

-2.1 26490974494766 

27 

26 

2442104.5 

1.603270398953590 

-2.106002474517366 

28 

27 

2442108.5 

1 .635597714433992 

-2.085128532718954 

29 

28 

2A42112.5 

1.667626655536615 

-2.063873533439661 

30 

29 

2442116.5 

1-699351815101373 

-2.042241904581701 

31 

30 

2442120.5 

1.730767845412835 

-2.020238116655264 

32 

31 

2442124.5 

1.761869457901639 

-1.997666682041682 

33 

32 

2442128.5 

1,792651423410959 

-1.975132154621B11 

34 

33 

2442132.5 

1.6231085 72328842 

-1.952039128963150 

35 

34 

2442136.5 

1.853235794496236 

-1.928592239792316 

36 

35 

2442140.5 

1 .883028039293286 

-1.904796161483155 

37 

36 

2442144.5 

1.912480315676063 

-1.980655607511848 

38 

37 

2442148.5 

1.941587692200649 

-1.856175329963044 

39 

30 

2442152.5 

1 .9T034529705B735 

-1.831360119063760 

40 

39 

2442156.5 

1.998748318122686 

-1.806214302753118 

41 

40 

2442160.5 

2.026792003020134 

- 1 . 780744246300735 

42 

41 

2442164.5 

2.054471659287444 

-1.754953351977882 

43 

42 

2442168.5 

2.001782654689079 

-1.728847050745053 

44 

43 

2442172.5 

2.108720417790323 

-1,702430341009766 

45 

44 

2442176.5 

2.135280438676062 

-1.6757C8211775621 

46 

45 

2442180.5 

2.161458269262980 

-1.648605713268833 

47 

46 

2442184,5 

2.187249522624754 

-1.621367923615992 

46 

47 

2442138.5 

2.212649871719847 

-1.593759952411460 

49 

48 

2442192.5 

2.237655048660Z56 

-1.565066942013812 

50 

49 

2442196.5 

2.262260845126505 

-1. 537694067902095 

51 

50 

2442200.5 

2.286463112715836 

-1.509246538401001 


Z PEPTURflATIQNS IN lO-TH DEC 


-1.316830719763189 

0 

-0 

-0 

-1.320070444841172 

1565 

-125 

92 

-1.323056342854677 

6334 

-526 

369 

- 1, 32 578 8446 7666 30 

14410 

-1225 

833 

-1, 328266830409483 

25887 

-2239 

1494 

-1.J3049160H635917 

40849 

-3503 

2363 

-lo 332462936 368273 

59378 

-5277 

3450 

-1.334181 009002490 

81553 

- 7343 

4764 

- 1. 33564606 1 c25 1 34 

107458 

-9805 

6312 

-1.33685H368472036 

137176 

-12689 

8102 

- 1 . 33 70 1 82426 5952 3 

170794 

-16019 

10142 

-1.338526U35646083 

208402 

-1982L 

12440 

-1. 338982136825926 

250089 

-24117 

15003 

-1.339186973152070 

295949 

-28930 

17842 

-1.339141008742608 

346074 

-34279 

20966 

- 1,338844744504065 

400556 

-40186 

24386 

-1.338296717739399 

45948 7 

-46668 

28114 

-1. 337503502067506 

522950 

-53745 

32160 

-1.336455706629711 

591057 

-61438 

36536 

-1, 335167976335498 

663874 

-69771 

41251 

-1,333628991 387975 

741496 

-78771 

46312 

-1.331843467070577 

824019 

-88474 

51721 

-1.329812153285005 

911549 

-98914 

57481 

-1,327535833771108 

1004207 

-110121 

63593 

-1.325015325252650 

110212 1' 

-122107 

700 70 

- 1 . 32 22 5 1476998260 

120541 0 

-134872 

76930 

-1.319245170939951 

1314179 

-148408 

84198 

-1.315997321042914 

1428520 

-162709 

91899 

-1,312508377132721 

1540515 

-177775 

100055 

-1.308780816869294 

1674239 

-193614 

108686 

- 1. 304814 153346094 

1805768 

-210240 

117807 

-1 , 300609930706962 

1943176 

-227671 

127433 

-1.296169224815806 

2086532 

-245928 

137575 

-1.291493142875339 

2235910 

-265041 

148242 

-1.286502823175381 

2391379 

-285039 

159441 

-1.281439434865455 

255301 0 

-305960 

171177 

-1.276064177706768 

2720B72 

-327842 

183451 

-1.270450281855873 

2895034 

-350732 

196264 

-1.26 462 300 7638633 

3075566 

-374679 

209611 

-1.258559645382476 

3262537 

-399739 

223488 

- 1.252269515247939 

3456014 

-425975 

237862 

-1.245753967108584 

3656068 

-453460 

252700 

-1.239014380454854 

3862773 

-492274 

268159 

-1.232052164254647 

4076214 

-5L2509 

283991 

-1.224868756610221 

429649 1 

-544264 

300243 

-1.217465624093855 

4523723 

-577632 

316881 

-1.209844261009863 

4758040 

-612696 

333876 

-1.202006189072065 

4999574 

-649527 

351204 

-1.193952957634608 

5240442 

-688190 

368844 

-1,185686143965455 

5504760 

-728757 

306774 

-1.177207353175923 

5768630 

-771304 

404967 


LMSC-D420943 



1 


CERES 


rectangular space CDOROINATES 


4 


L 

STEP 

JULIAN RATE 

X 

Y 

Z 

perturbations in 

IC-TH DEC 

1 

■ 51 

2442204.5 

2.31025776J402831 

-1.480529594656069 

-1.168518218295020 

6040189 

-815917 

4233S9 

2 

52 

24422D8.5 

2.233640770238489 

-1.451548509848500 

- 1. 15962C399962002 

6319530 

-862684 

442005 

3 

53 

2442212.5 

2.356t0aU7l04284 

-1.422308588632987 

- 1 . 15051 5586 14 1324 

6606784 

-91 1699 

460775 

4 

54 

2442216.5 

2.379156049039040 

-1,392815166923278 

-1.1412C5492083216 

6902080 

-963060 

479654 

5 

55 

2442220.5 

2.40i280572‘t23033 

-1.363073611233631 

-1.131691660032163 

7205553 

-10U863 

498597 

6 

56 

2A 42 2 24. 5 

2.422977954945068 

- 1 . 33308931830161 7 

- 1. 12 1976459064406 

/5 1 7 342 

-1073209 

517554 

7 

5? 

2442228. 5 

2.444244475748732 

-1.30286/714719198 

- 1. 112061084 949005 

7837596 

-1132197 

536475 

8 

58 

2442232.5 

2.4650764755Z941 5 

-1.272414256527249 

- 1 . 10 194 75599848 15 

8166A6 7 

-1 193925 

555306 

9 

59 

2442236.5 

2.485470356621747 

-1.241734428857157 

-1.091637732862637 

8504111 

-1258494 

573991 

10 

60 

2442240.5 

2.505422583100071 

-1,210833745596929 

-1.001133478542334 

6350692 

-1326000 

592474 

11 

61 

2442244,5 

2.524929680890622 

-1 . 1 79717749090074 

-1.070436698l49ci35 

9206377 

-1396542 

610696 

12 

62 

2442248.5 

2.543988237915698 

-1.148392009800894 

-1.059549318901603 

9571337 

-1470217 

620593 

13 

63 

2442252. 5 

2.562594904 U9042 

-1,116862126510249 

-1.04847 3294066252 

994575 1 

-1547123 

646102 

14 

64 

24<r2256.5 

2,580746392860050 

-1.085133725325C58 

-1,037210602959306 

10329802 

-1627361 

663152 

15 

65 

2442260.5 

2.598439479563766 

-1.0532 12460154U4 

-1.025763250B66291 

10723889 

-1711032 

679670 

16 

66 

2442264.5 

2.615671004517196 

-1.0211C4C11570735 

-I.01413326879B908 

11 127627 

-17902^6 

695578 

IT 

67 

2442268.5 

2.632437872256816 

-.988814085632182 

-1,002322712899726 

1154U52 

-1689061 

710802 

18 

68 

2442272.5 

2.648737051 171949 

-.956348412675553 

-.990333663788633 

1 1966614 

-1983571 

725273 

19 

69 

2442276.5 

2.664565572322815 

-.9237 12747006423 

-.978168226325632 

12402161 • 

-2081311 

738933 

20 

70 

24422R0.5 

2.679920528814677 

-.890912867511418 

-.965828529925947 

12848729 

-216 iSlO 

751727 

21 

71 

2442284.5 

2.694799076318930 

-.857954570119553 

-.953316720912142 

13306550 

-2289594 

763602 

22 

72 

2442288.5 

2.709198433529764 

-.024843707637/04 

-.940635002524562 

13775850 

-2399184 

774505 

23 

73 

2442292. 5 

2.7231 15882742576 

-.791586109835031 

-.92778 5555077751 

14256854 

-2512598 

784379 

24 

74 

2442296.5 

2,7365487 70671419 

-.758187662761067 

-.914770615731058 

1474979 1 

-2629853 

793165 

25 

75 

2442300.5 

2.749494508331097 

-.724654268299457 

-.90 1592438289384 

15254889 

-2750955 

800807 

26 

76 

2442304.5 

2.761950571506830 

-.690991852056740 

-.830253301243843 

15772381 

-2875909 

807245 

27 

77 

2442308.5 

2.773914501079801 

-.657206362809177 

-.074755507560913 

16302500 

-3004709 

812421 

28 

78 

2442312.5 

2.785383903149821 

-.6233037/2229473 

-.861101384600833 

16845^82 

-3137344 

016277 

29 

79 

2442316.5 

2.796356449345183 

-.589290074615782 

-.847293204056633 

17401562 

-3273793 

818754 

30 

80 

2442320.5 

2.806829077091232 

-.555171286580752 

-.833333581867734 

17970975 

-341 4027 

819797 

31 

81 

2442324.5 

2,816801989879693 

-.520953446782062 

-.819224678156345 

18553957 

-3558011 

819348 

32 

82 

2442328.5 

2.826270657560698 

-.486642615671492 

-.804968997176438 

19150743 

-3705701 

817352 

33 

83 

2442332.5 

2.835233816656540 

-.452244875269578 

-.790568987279315 

19761565 

-3857044 

813753 

34 

64 

2442336.5 

2.843609470717933 

-.417766328979301 

-. 776027120905070 

20 3 3665 5 

-4011984 

80B495 

35 

85 

2442340.5 

2.851635690771914 

-.383213101441829 

-.761345894606634 

21026245 

-4170459 

801521 

36 

86 

2442344.5 

2.859070615948852 

-.348591338396410 

-.746527829095204 

2 168C566 

-4332903 

792773 

37 

87 

2442348.5 

2.665992454373981 

-.313907206395296 

-.731575469235399 

22349853 

-i,U9 7747 

782108 

38 

88 

2442352.5 

2.872399484210959 

-.279166892092512 

-.716491383831645 

23034372 

— 46664 16 

769704 

39 

89 

2442356.5 

2.878290054297878 

-.244376600999296 

-.701278165080520 

23734376 

-4838318 

755261 

40 

90 

2442360.5 

2,883662583004949 

-.209542556290784 

-.665938427961155 

24450142 

-5013334 

738312 

41 

91 

2442364.5 

2.883515561320816 

-.174670998497082 

-.670474810034268 

25181938 

-5191322 

720316 

42 

92 

2442368.5 

2,892847544509593 

-.139768186101200 

-.654889971 789618 

2593001 7 

-5372121 

699741 

43 

93 

2442372.5 

2.896657160916902 

-.104840395962372 

-.639186597018622 

26694620 

-5555563 

677060 

44 

94 

2442376.5 

2.899943108704562 

-.069893923106444 

-.62336 7392841878 

27475931 

-5741472 

652243 

45 

95 

2442380. 5 

2.902704157520517 

-.034935080751088 

-.60743508987/534 

28274327 

-5929669 

625263 

46 

96 

2442384.5 

2-904939149596132 

.000029800453720 

-.591392442014090 

29089887 

-6119966 

596091 

47 

97 

2442388.5 

2.906646999913846 

.034994372949165 

-.575242226215412 

29922888 

-6312166 

564703 

49 

98 

2442392.5 

2.907826696 968101 

.069952272480534 

-.558987242554501 

30773554 

-6506064 

531074 

49 

99 

2442396.5 

2.908477303371882 

.104897118760598 

-.542630313991552 

31642U4 

-6701442 

495185 

50 

100 

2442400.5 

2.908597956263520 

.139822515863865 

•-.526174286277168 

32528791 

-6896075 

457017 


LMSC-D420943 



I 


3 


CERES 


RECTAMGULAR S^ACF COORDINATES 


L 

step 

JULIAN DATE 

X 

1 

0 

2442400.5 

2.908597956263293 

2 

1 

2^^A^404,5 

2.909107867897027 

3 

2 

24424J8, 5 

2,90/246326 187149 

4 

3 

2442412.5 

2.905772695248771 

5 

4 

2442416,5 

2.903766415957875 

6 

5 

2442420.5 

2.901227006526227 

7 

6 

2442424.5 

2.893154063114589 

8 

7 

2442428.5 

2.894547260532576 

9 

8 

2442432.5 

2.090406353112965 

10 

9 

2442436.5 

2.d8573117584498l 

11 

10 

2442440.5 

2.880521645650510 

12 

11 

2442444.5 

2.8747 77762240129 

13 

12 

2442448,5 

2.B68499607982216 

14 

13 

2442452.5 

2.061687347201233 

15 

14 

2442456.5 

2.354341226040859 

16 

15 

2442460.5 

2.846461573513253 

17 

16 

2442464.5 

2.838048802341831 

18 

17 

2442468.5 

2.829103410101553 

19 

18 

2442472.5 

2,819625980447796 

20 

19 

Z442476.5 

2 .8096 1719346304 7 

21 

20 

2442480.5 

2, 79907 77 76 588419 

22 

21 

2442484,5 

2,708008005307418 

23 

22 

2442488.5 

2.776410604110239 

24 

23 

2442492.5 

2.764284796436385 

25 

24 

2442496.5 

2.751632296165297 

26 

25 

2442500,5 

2.73H4543C7900497 

27 

26 

2442504,5 

2.724752127746953 

28 

27 

2442508.5 

2.71U527144020645 

29 

2B 

24425L2.5 

2-695780837991947 

30 

29 

2442516.5 

2.680514784712443 

31 

30 

2442520.5 

2.664730654013681 

32 

31 

2442524,5 

2.648430211762687 

33 

32 

2442528.5 

2.631615321255263 

34 

33 

2442532.5 

2.614287944180830 

35 

34 

2442536.5 

2.596450140596076 

36 

35 

2442540.5 

2.578104063333204 

37 

36 

2442544,5 

2.559251902988513 

33 

37 

2442548,5 

2.539896239046158 

39 

38 

2442552.5 

2.52003929090371 1 

40 

39 

2442556.5 

2.499603694044890 

41 

40 

2442560.5 

2.4708321O64O49C9 

42 

41 

2442564.5 

2.457487288807926 

43 

42 

24 42 568.5 

2.435652105997974 

44 

43 

2442572. 5 

2.413329527468486 

45 

44 

2442576.5 

2.390522628210846 

46 

45 

2442580,5 

2.3672J458933272S 

47 

46 

2442594.5 

2.343468699014849 

48 

47 

2442588.5 

2.319228353151360 

49 

43 

2442592.5 

2.294517056112355 

50 

49 

2442596.5 

2.269338421485585 

51 

50 

2442600.5 

2.243696172838170 


Y 

. I393225>l58t^37l 
- 174722052633326 
.209509303137395 
.2*t4^ 1782 7096508 
-27920U70302512 
.313932865021643 
.340606430369018 
.38321537265«t067 
.417753185719668 
.4522 13351451727 
.486589340712291 
.52C8 74614016357 
.555062626956971 
.589146822749015 
.62312063'‘877413 
,656977307936563 
-69C 7 10848903180 
.724314077362253 
. 757 78C6016492C2 
. 791103024449763 
.82427 7143507725 
,857293952485247 
.890147641679157 
.922831598738328 
-955339209430371 
.987563058425545 
1.019798929966040 
1.051737800690667 
X-0834 73880289283 
1 . 1 1500053221 863 7 
1. 146311154392862 
1.177399140049324 
1.208257887057435 
1.238860799772382 
U269Z6 1290839651 
1-299392782124G23 
1 .32926 8704757773 
1- 358082499400863 
1-388227617139350 
1,417297520169122 
1.446085683292246 
1,474585595170183 
1.502790759309256 
1.530694695508480 
I .558290941056008 
1,585573051965639 
1.612534604281613 
1-639169195376844 
1,665470445265008 
1.691431997920041 
1.717047522589326 


I 

-.52M 74286276877 
-.509622027869391 
-.492976429820699 
-.476240405682480 
-.45941689.417550 
-.442508845324090 
-.42 551924 7981 155 
-,40*j 4 5 I 102 222541 
-.391307433127709 
-.374091287958416 
-. 35tSO 5735878501 
-.339',5386/343666 
322038793418944 
-.304563645511362 
-.287031575642835 
-.269445756739512 
-.251809382573388 
-.234125667844457 
-.216397847855745 
-, 198629 1 78227494 
-.180322934829756 
162982413457603 
-.14511 0929629381 
-.12721 1818393997 
-.109288434105620 
-.091344150212439 
-.073382359049985 
-.055406471642567 
-.037419917522523 
-.019426144573860 
-.00 142 86138886 30 
.016569175436100 
.034563726723832 
.052551546478601 
.070529070218853 
.088492757898746 
. L064390437963 18 
.124264346396876 
. 142265068626657 
. 160137597954779 
.177978306909015 
.195783553555227 
.213549681770667 
.231273021782045 
.248949890588166 
. 266576592 384778 
.284149419031 1 02 
.301664650512850 
.319110555411107 
.336507391373912 
.353827405580985 


PERTURBATIONS IN 10-TH DEC 


0 

3t>10 
14423 
32341 
57330 
89227 
128352 
173706 
226123 
265249 
351046 
4234ii 2 
5025 78 
538290 
680604 
77948 7 
884900 
996803 
1 115159 
12 3993 0 
137108 L 
1508579 
1652389 
1802479 
1958314 
2121 j59 
2290078 
2464930 
2645872 
2832858 
3025843 
3224734 
3429648 
364041 6 
3857070 
4079583 
4307906 
4541979 
4781726 
5027062 
5277898 
5534135 
5795674 
6062406 
6334218 
6610993 
6892605 
7178925 
7469814 
7765130 
8064725 


0 

-1553 

-6228 

-14043 

-25020 

-39176 

-56533 

-77111 

-100936 

-128035 

-158436 

-192154 

-229185 

-269504 

-313077 

-359865 

-409830 

-462932 

-51 

-578376 
-640629 
■-705831 
-773925 
-844847 
-918530 
-994899 
-1073d 75 
-1155377 
-1239318 
-1325611 
-14141 71 
-1504912 
-1597747 
-1692575 
-I 789277 
-1387714 
-1987738 
-2039198 
-2 191945 
-2295835 
-2400723 
-2 506469 
-2612930 
-271 9969 
-2827445 
-2935224 
-30431 70 
-3151151 
-3259040 
-3366712 
-3474043 


-0 
431 
17 04 
3785 
6638 
10224 
14503 
19432 
24962 
31041 
37613 
44626 
52033 
59799 
67892 
76282 
84939 
93832 
10292d 
112195 
121601 
131117 
140713 
150362 
160040 
169724 
179391 
189022 
198599 
208103 
217515 
226814 
235980 
244996 
253857 
262567 
271 138 
279586 
287924 
296167 
304329 
312424 
320467 
328471 
336451 
344424 
352404 
360406 
368447 
376539 
384695 


LMSC-D420943 



I CERES 


RrCTANGULA? SPACE COCRDI NATES 



L 

STEP , 

JULIAN DATE 

X 

Y 


1 

51 

2<f42604.5 

2,21 7594144546638 

1.7423 10715097453 


2 

52 

244^608.5 

2.19 10362 82 782704 

1.76721529918020 1 


3 

53 

24‘t2612.5 

2 .1640266 46 7 3819 3 

I,7yi75502d000274 


4 

54 

2442616.5 

2 .1 3t 5694 09966256 

1.B15923636125S56 


5 

55 

24426 20 . 5 

2 . 1066CU861 267788 

1.839715092067384 


6 

56 

24‘t2624,5 

2.080329404562534 

1.863123100772953 


7 

57 

2442628.5 

2.0515555581 76830 

1.886141605251758 


8 

50 

2442632.5 

2.022351954695353 

1.908764537342969 


9 

59 

24426 36.5 

1.992723541918783 

1.930985868712263 


10 

60 

2442640.5 

1.962674583686599 

1.952799612493990 


1 1 

61 

2442c44.5 

1 .93^:2 lOt 60829170 

1, 974199024729929 


U 

62 

24426‘»8,5 

1 .901336672270«44 

1 ,9951806066 3 351 8 


13 

63 

2442652.5 

1.870057d35ia0020 

2-015736106605459 


14 

64 

24426 56.5 

1.838379405687204 

2.035860521999652 


15 

65 

2442660.5 

1 .806307079382194 

2,055540101353153 


lb 

66 

2442664.5 

i. 7 73846191582329 

2.074793146367284 


17 

67 

2442668.5 

1.741002517737925 

2.09359001 3935639 


18 

68 

2442672.5 

1.707781873741453 

2.111933118241353 


19 

69 

244267c. 5 

1.674190196136906 

2.129dl6932S49621 


20 

70 

2442680.5 

1.640233542597642 

2,147235992814657 


21 

71 

2442684.5 

1.6 0591809161851 3 

2.164184896793202 


22 

72 

2442666.5 

1.571250143193737 

2. 18C658309149962 


23 

73 

2442692. 5 

1.536236118778305 

2. 196650962050597 

o 

24 

74 

2442696,5 

1.500882561670508 

2.212157657581130 

1 

25 

75 

2442 700.5 

1.465196137540C20 

2.2271 73270045284 

“9 

26 

76 

2442704,5 

1.429183635081863 

2.2416927‘.872O203 


27 

77 

2442708.5 

1.392851966054465 

2.25571U2U60260 


28 

78 

2442712.5 

1 .356208164424608 

2.269223496438187 


29 

79 

2442716.5 

1.319259384770576 

2,282225067503987 


30 

80 

2442720.5 

1.252012901314857 

2.294711112670242 


31 

61 

2442724,5 

1.2'* 44 761 07892829 

2.306676997329703 


32 

82 

2442728.5 

1.206656517099368 

2.313118176293993 


33 

63 

2442732.5 

1.160561764217068 

2,329030195914996 


34 

84 

2442736.5 

1.130199599293903 

2.339408697020090 


35 

85 

2442740.5 

1.091577894229481 

2.349249417566028 


36 

86 

2442744,5 

1.052704638398154 

2.358548195035283 


37 

07 

2442 748.5 

1.313587938007028 

2.367300969271497 


38 

88 

2442752.5 

.974236019197054 

2.375503785041033 


39 

69 

2442756.5 

.934657219242030 

2.363152794620941 


40 

90 

2442760.5 

.894359993622681 

2.390244260429597 


41 

91 

2442764.5 

.854852911003647 

2.396774557626387 


42 

92 

2442768.5 

.814644652960652 

2.402740176699226 


43 

93 

2442772.5 

.774244012825438 

2.400137726030390 


44 

94 

2442776.5 

.733659894486983 

2.412963934425903 


45 

95 

2442780.5 

.692901311191761 

2.417215653603392 


46 

96 

2442784.5 

,651977384431518 

2.42083936067766 1 


47 

97 

2442788.5 

.61089734300054 1 

2.423983660796225 


46 

98 

2442792.5 

.569670522094288 

2.426494290205810 


49 

99 

2442796.5 

.528306361873504 

2.428419119035553 


50 

100 

2442800.5 

,486814404942892 

2.429755658781247 


I 

, 37 1074^35 I95l<?7 

.3Ha^iA5907<n2716 

.^Ot>3366M 9059^2 

. 92 2 39 3 89 ; 9 73^8 7 

.939263l2d3Cd93S 

.956090051732797 

•972823298920195 

.989956365013207 

.505986866099583 

.522910377373731 

.530723279190911 

.55992 1/28998033 

.571001910309378 

. 536959988380989 

. 60279 21332 336 /0 

.618999513229526 

•639C6330C395063 

.699999660899860 

.669789796910796 

.679929865109102 

.699926062586081 

.709769582817657 

.729956627100003 

,730983909998919 

.753396135369122 

.767591097599870 

,781569383271179 

,795912397793999 

.809081361718973 

,822567561999377 

.83586 7 300255536 

.898976893960302 

.861892697909903 

,679611055697359 

.807128355612915 

,899991001859191 

• 91 1595923592229 
.923‘»38075539103 
•93511 5939883571 
.996579027192192 
,9576103780901 19 
•968821069695936 
.979602691 005859 

• 99015U98829712 
1.000965360702589 
1.010539789552283 
1.020371936135912 
1.029958591559385 
1,039296589395239 
1.098382807558689 


PERTURBATIONS IN 10' 


8 36 899 3 
8 6 7612 8 
b9 6762 a 
9 j02 799 
9621510 
9993632 
10269031 
1 C59755 1 
10929028 
11263235 
11600138 
1 193990 6 
12280900 
12629935 
12969822 
13316872 
13665396 
19015202 
19366098 
1971789 1 
15070385 
15923385 
1 57 76693 
16130U6 
16983965 
1683655 7 
17189265 
17591908 
17892891 
18243392 
18592889 
13991126 
19287928 
19633099 
19976997 
20317779 
20656905 
20993633 
21327773 
21659133 
21987521 
22312795 
22639613 
22952933 
23267514 
23578163 
23889718 
29187003 
29969880 
29778220 


-3580939 

- 3o8 7289 

-3792992 

-■JC9 797-8 

-90J 2155 

-9105923 

-920 7673 

-9308799 

-9908682 

-9507290 

-9 C 09 i 89 

-9 70C0 38 

-9799139 

-9886609 

-9977410 

-5066987 

-5153800 

-5239313 

-5322995 

-5909823 

-5989783 

-5562866 

-5639079 

-5713921 

-5785932 

-5856«»37 

-5925566 

-5992736 

-6058155 

-612 1331 

-6103775 

-6299009 

-6302567 

-6359990 

-6919828 

— 696 86 38 

-6520985 

-6571990 

-662 I 582 

-5669999 

-6717285 

-6763595 

-6808391 

-6B53950 

-6897359 

-6990772 

-6933359 

-7026799 

-7069777 

-7112970 


TH DEC 

392925 

901236 

909628 

918100 

426652 

435291 

444032 

452892 

461891 

47 L042 

430359 

969349 

999519 

509372 

519910 

529639 

590091 

550628 

561389 

572316 

583401 

594631 

605988 

617451 

628994 

640585 

652194 

663797 

675378 

686923 

698417 

709842 

7211 74 

732338 

743453 

754337 

765003 

775411 

785519 

795280 

304646 

813561 

821969 

829304 

836997 

843470 

849134 

853896 

857659 

860328 


LMSC-D420943 



I 


r~pES 


TflNCULic SPACE ni t£ S 


3 


L STPP JUl.fAH QflTf 


I 

0' 

2442000. 5 

.486914404942633 

2 

1 

2442804,5 

, 4452042931 79151 

3 

2 

2442800.5 

.40 340 5’’ 65 16931/i 

4 

3 

2442012.5 

. 361660654370 149 

5 

4 

2442016.5 

. 31';’'6200'^52O029 

6 

5 

2442921.5 

,277778402861342 

7 

6 

2442024,5 

,235725548074596 

8 

7 

2447P? 0.5 

. 193614270069125 

9 

8 

2442032.5 

.151454952429141 

10 

9 

2442836.5 

. 109?5''93302494T 

11 

10 

2442840.5 

.06 703 3661 199300 

12 

11 

24 42 84 4.*; 

.024702605038958 

13 

12 

2442048.5 

-.01‘'454403616684 

14 

13 

2442852 ,5 

-.059697121676067 

15 

14 

2447856.5 

-. 101924400893343 

16 

15 

2442860.5 

144125330060484 

17 

16 

2442864,5 

106790258773377 

18 

17 

2442868.5 

-.220406870620132 

19 

10 

24428/2 ,5 

2 70464696402652 

20 

19 

2442876.5 

-. 313452715208021 

21 

20 

2442880,5 

-.354359357459029 

22 

21 

2442884.5 

3 97il 7 5008520602 

23 

22 

244288R.5 

-,43''00 ■'013405371 

24 

23 

244^892,5 

-.4 79<ve4682 1 17389 

25 

24 

2442R96.5 

520Q567944R21 39 

26 

75 

2442900.5 

-.562292103956427 

27 

26 

2442904.5 

-.603479341671427 

28 

27 

2442908.5 

-.644507220382770 

29 

28 

244291 2 .5 

-.685364438373757 

30 

29 

2442916.5 

■^26039684349018 

31 

30 

2442920.5 

-.766521641801841 

32 

31 

2442924.5 

80679a%93678903 

33 

32 

2442928.5 

- .846860427290424 

34 

33 

2442932.5 

-.886694639380231 

35 

34 

2442936.5 

9262°034000577i 

36. 

35 

2442940,5 

-.965636259658162 

37 

36 

2442944.5 

-1.004721152317920 

38 

37 

2442948.5 

-1,043533001611815 

39 

30 

2442952.5 

-1.092063025787605 

40 

39 

2442956.5 

- 1. 12(329 ■’602R58O'’3 

41 

40 

2442960.5 

-1, 158226675619744 

42 

41 

4.2964. 5 

-1. 195038956458402 

43 

42 

2442968.5 

-1.233123532060440 

44 

43 

2442972.5 

-1. 270069468661 987 

45 

44 

2442976.5 

-1. 306665090202027 

46 

45 

2442980.5 

-1. 342902025187004 

47 

46 

2442Q84.5 

-1. 370767132830177 

49 

47 

2442900,5 

-1.414250508121604 

49 

48 

2442992.5 

-1.449341R47054725 

50 

49 

2442996.5 

- 1.48403 0459642‘'25 

51 

50 

2443000.5 

-1.5 18306074805921 


2,429755656788068 

2,430501556662893 

2. 430654606302«r83 

2.4302127^3620302 

2 . 4201 2/;o51 '>737^3 

2. 4275 .’6 763'’3P265 

2.425299261634734 

2. 422460085456/-96 

2.419017929939806 

2. 41 4971 650064399 

2.410320262501187 

2.405062948486667 

2. 399199055962640 

2.392728101920724 

2 . 3P564^'^'46346'2 

2 . 3779639358121 33 

2.369670622631014 

2. 360770049792336 

2,351262611207261 

2. 341 16^435 

2.330429621591790 

2.319105774308333 

2- 307178476102655 

2.294649050713602 

2,261519014674444 

2.267790076386348 

2.253464137486731 

2, 238543293866869 

2.223029837311941 

2. 206926?56fl4709 

2. 190235238927372 

2.1 729596699 19152 

2. 155102635523948 

2.136667422118649 

2. 11 ■'65751713579'’ 

2.098076609510514 

2.077926589906165 

2. 05721 7550810066 

2.035947786449654 

2. 01 41 23 792 52''187 

1.991750265812215 

1.968832103744710 

1.945374404329819 

1.921 382466401944 

1 . 896861780634613 

1,871810073401755 

1.846257215085181 

I, 820185307265966 

1. 793608636942999 

1.766533683166394 

1.738967115805359 


I, 048382807562369 
1,05721 4170521796 
1.065787650001276 
1 .0741 00266440025 
1.0P2149QO0416642 
1.00993124416995^ 
1.09'^4439033?66 40 

1 . 1 04684298922400 
I . I U6497I 84 58267 
l.U833 ''50O281 = Q6 
1. 124745074993868 
1.130069887197306 

1 . 1 36 7094 7 72 15 064 
1 .14226 1442 7844 66 
I . 14'’52 344R7404''2 
1, 152^. '>3220679333 
1.157168586592640 
1.161547390461458 
1.165627613822361 
1.16940:'25-^ 383206 
1. 1 7738>,f,3oe3] 658 
1 . 1 7605 7314«j 735 76 
1. I 78924171339754 
1,18 1483346 6451 30 
1 ,1P3''33268437983 
1. 185672451 737R91 
1 .187299497697730 
1.168613095468341 
I, 189612023799660 
1,190235152605202 
1. 190561444263583 
1.190700955134224 
1. 1904 398368971 77 
1.169850337845300 
1 . 188 940804 1560 1 2 
1. 187710631097087 
1.1061 595141741 79 
1.184266950212559 
1.182092738362080 
1-I'’95''67310l5651 
1 176738884652266 
1,173579260677144 
1, 170098026421012 
1 .166295456404789 
1,152171033573035 
1. 15 772 7950039195 
1. 152564107213592 
1.147881115877816 
1,1.42479796512475 
1.13676107Q4»07641 
1. 130726005119179 




0 

779 

3100 
6926 
12211 
10907 
26953 
36 3 12 
46912 
53702 
71 625 
85625 
1 00643 
1 I6b24 
13J507 
151236 
169752 
180998 
200923 
229402 
250650 
272413 
294788 
317757 
341315 
365441 
390113 
415306 
441003 
467136 
493843 
520967 
548552 
576597 
605105 
634079 
663524 
693449 
723361 
754772 
786195 
01H 153 
850606 
883347 
917700 
952301 
987694 
1023911 
1060979 
10989 19 
1 137755 


0 

-515 
-2020 
-4459 
-7^31 
-11942 
-169 0*' 

-22641 

-29110 

- 36314 
-44211 

- 52792 
-62046 
-71 ,-65 
-«2546 
-93789 

-105704 

-118305 

-131616 

- 1456^0 
-160503 

- 1761 40 
-192624 
-209933 
-220076 
-247058 
-266P85 
-287571 
-309137 
-331600 
-354936 
-379317 
-404617 
-430<5D9 
-4502 19 
-4B6560 

- 515° 00 
-546477 
-578085 
-610830 
-644743 
-679053 
-7162 12 
-753826 
-792709 
-832848 
-874224 
-916810 
-960611 

-1005591 

-1051745 


10-TH DEC 

0 

-254 

-1003 

-2222 

-3893 

-5997 

-8519 

-11447 

-14770 

-13480 

-22570 

-27033 

-31667 

-37069 

-42639 

-48580 

-54096 

-61596 

-68694 

-76208 

-84162 

- 9257 - 

-101466 

- 110840 

- 120699 
-131046 
-141 090 
-153237 
-165101 

- 1 77493 
-190429 
-203923 
-217992 
-232651 
-247918 
-263807 
-280337 
-297523 
-315385 

- 333942 
-353216 
-3^3233 
-394021 
-415604 
-437996 
-461203 
-485226 
-510062 
-535712 
-562177 
-589460 


LMSC-D420943 



C-9 


i 


r cp FS 


p?'' TftN'GULfiO Cr?PDTNftTFS 




1 

1 

2 

3 

4 
$ 
f* 

1 

A 

9 

10 

u 

12 

13 

19 

15 

16 
17 

le 

19 

20 
21 
22 
23 
29 

25 

26 

27 

28 

29 

30 

31 

32 

33 
39 

35 

36 

37 

38 

39 

90 

91 

92 

93 
99 

95 

96 

97 

98 

99 
50 


STCO jULt AN OATF . 


51 

2493009 .5 

52 

2993008.5 

53 

2993012.5 

59 

2993016,5 

55 

2493070.5 

56 

2993029.5 

57 

2993020.5 

50 

2943032.5 
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-2.489048829468075 
-2,498587657815363 
-7.507585225961 774 
-2.516041423346550 
-2. 523956255560122 
-2.531329641776596 
-2. 530162413705933 
-2.544454313975621 
-2.550205994656054 
-2.555418015333695 
-2,560091044186890 
-2.564225851402171 
-2.567823312146913 
-2.570884401547502 
-2.573410192332569 
-2.575401855930295 
-2.576860656923643 


7 

-. ')0994^ :-12['.?'39 Toi 
-.52814031 166°2°6 

-.546209423977750 
-,564l4';73042i,492 
-. 581'i''* 5 8‘'74353 74 
-. 599605993 760623 
-.6 17 1223°07°3728 
-.63449136?‘.'49?.97 

- . 65 I 70°290933268 
-.6607**2olol''3243 
- .6? 567784646 16 1 2 
-,702421553824°12 

719000374899920 
-.7354! lOl I 1473°5 
-. 75164O220976224 

-.767 7 ! 40‘^98 1562 3 
-.783501800 175582 
-. 79930801 ! 687735 
-.8148^0521132059 
8 301664204 60067 
-.84531 2866821786 
-.860267082582514 
-.875026355251020 
-.8895880371 52055 
903949544752464 
-.918108357939190 
-.932062019727649 
-.945308136473115 
-.959344378014130 
-.972668477487776 
-.985778231268405 
-.Q9867 14°P4522 I 8 
-I, 0113 4 620 04 55 606 

- 1.023000320755569 
-1.036031904383222 
-1.048039057546376 
-1 .059819947235‘'52 

- 1. 0713 728007997 79 

- 1,082695905527430 
-1.0937P7608230976 
-1. 104646314834540 
-1,1 15270489970705 
-1.125658656648675 
-1.135809395011506 
-1.145721345983411 
-1. 155393202559544 
-1.164823716817509 
-1.174011694895682 
-1.162955997223452 
-1.1916555384-^0769 


PERTURBATION’S TN 10-TH DEC 


257088 
2 57 ° I 6 
2 5043 8 
258 701 
2 58 7it4 

258593 
2 5P261 
257753 
25/071 
256216 
255184 
2539 72 
2 52 5 76 
250991 
249207 
247215 
245003 
242556 
23°858 
236890 
233630 
230061 
226170 
221962 
217452 
212665 
207619 
202318 
196757 
190924 
184906 
17839 I 
171670 
164633 
157273 
149602 
141606 
133292 
124668 
115^40 
106520 
97020 
87257 
77253 
67042 
56675 
46223 
35768 
25384 
15139 


-7636 57 
-796309 
-8301 06 
-865066 
-901 190 
-936473 
- 97 69 I 0 
i 0 1 6 4 9 7 

- 1G57237 

- 109V 1 33 
-1142190 

- I 1864 15 
-I 2318 16 

- 1278402 

- 1326 182 
-1375167 

- 14253‘'0 
-1476805 
-1529491 
-1583451 
-1638713 

- 1695315 
-1753302 
-1812724 
-1873624 
-1936030 

- 1999961 
-2065429 

- 2132454 
-2201058 
-2771273 
-2 343 I 36 
-2416687 
-2491970 
-2569033 
-2647925 

- 2720696 
-2611399 

- 2896088 
-2982820 
-3071654 

- 3162650 
-3255875 
-3351401 
- 344°305 
-3549665 
-3652550 
-37530 10 
-3666079 
-3976785 


-435840 

-452635 

-469905 

-487659 

-505896 

-524612 

-543601 

-563455 

-5R3573 

-604151 

-625169 

-646665 

-660639 

-6°1052 

-713924 

-737257 

-761053 

-783315 

-.010047 

-835257 

-060955 

-P87156 

-913879 

-941149 

-968985 

-Q97405 

- 1 02641 4 
-1056018 
-1006222 

- 1 117033 
-I 148466 

- 1 180533 
-1213254 
-1246646 
-1 280732 
-1315535 
-1351078 
-1387387 
-1424488 
-1462411 
-1501183 
-1 540036 
-1581410 
-1622937 

- 1665461 
-1709030 
-1753683 

- 1799457 
-1846375 
-1894459 


LMSC-D420943 



1 ^pp?s c f^CT&NGUL SPfvP CCC'’r>!M4T = S 3 


1 

STEP 

JULTilM OATP 

X 

Y 

1 

PERTURBATIONS JN 

10-TH OcC 

1 

’ 0 

2A^3fi00.5 

I248ai24469?3?0 

-2, 576860656934045 

- 1. 1 916 5 55? P4 784?? 

- ) 

-0 

-0 

2 

1 

24^^604. 5 

-.O0546432O0O1276 

-2.577707957105407 

-1.20010920*^420063 

163 

-504 

-216 

3 

2 

2443608.5 

-.046109000514307 

-2, 578185212163933 

-1,208316266666677 

663 

-3012 

-360 

ft 

3 

2443612.5 

006745770 161066 

-2. 578053969964998 

-1.216275552115903 

1515 

-4513 

-1 928 

5 

4 

2443616.5 

.03261 0663806655 

-2.57'3°3«6967:'332 

-l.2237062^2473'O9 

2 734 

-3001 

-3415 

i> 

5 

2443620.5 

.071970500726142 

-2. 576212639970988 

- 1. 231447608653554 

4334 

-12469 

-5320 

7 

6 

2443624.5 

.111322757537574 

-2.574505097047077 

-1.238659793224403 

6332 

-1*^910 

-7638 

S 

7 

2443628.5 

. 150644509541286 

-2. 572278144190250 

-1.245619109380636 

8742 

-24316 

-10367 

9 

8 

2443632-5 

. 189035803031238 

-2.569530769290395 

- 1.2523? 7092006425 

U581 

-31678 

-13502 

10 

9 

2443636.5 

, 229189056205474 

-2. 566266043985166 

-I.2587845265'’l023 

14863 

-39=35 

-17040 

11 

10 

2443640.5 

.260396259290757 

-2.562486172170682 

- 1. 264988444P163?? 

10601 

-49225 

-20975 

12 

11 

2443644.5 

. 307549775619474 

-2.558193238673553 

-1. 270939130547838 

22806 

- 59306 

-25302 

13 

12 

244364P.5 

.346641941934410 

-2. 553389707961756 

- 1. 2 76636H 6240599 

27488 

-70455 

-30015 

14 

13 

2443652.5 

- 385665148972750 

-2. 548077922904284 

-1.282078970466572 

32651 

-82419 

-35109 

15 

14 

2443656.5 

. 424611842004934 

-2. 542260353593477 

-1.287267347447568 

3B299 

-95266 

-40580 

16 

15 

2443660.5 

.463474521432907 

- 2.535939546231432 

- 1, 292200696655402 

44432 

-1 03990 

-46425 

17 

16 

2443664.5 

. 502245743541 078 

-2.529118122034745 

-1.296879347431314 

51050 

- 1235B9 

-52644 

10 

17 

2443668.5 

.540918121476537 

-2.521798775991996 

-1.301302467546058 

53160 

-139064 

-59242 

19 

18 

2443672.5 

.579484326306620 

-2.513984275180989 

- 1.305470070532294 

65779 

-155422 

-66223 

20 

19 

2443676.5 

.617937087547908 

-2. 50567745665 33 0 7 

-1,309302014701612 

73933 

- 1 72 6 57 

-73592 

21 

20 

2443600.5 

.686269192668244 

-2.496881225381642 

-1.313038202149076 

8?67l 

-190750 

-81343 

22 

21 

24436R4.5 

.694473436096321 

-2,407590553332049 

-1.316430576225913 

92003 

-209667 

-89462 

23 

22 

2443680.5 

. "32542860899223 

- 2. 47703 24"P277260 

-1.319583131525533 

10194 1 

-229368 

-97933 

24 

23 

2443692.5 

.770470299519289 

-2.467586108359029 

-1.322471893831569 

112483 

-249820 

-106738 

25 

24 

2443696.5 

.808248794201560 

-2.456062611137225 

-1.325104939756237 

123614 

-270091 

-115863 

26 

25 

2443700 .5 

.845071428159281 

-2. 445665222865671 

-1.327482386528109 

1 35313 

-292859 

-125294 

27 

26 

2443704,5 

,033331335535981 

-2.433997241957383 

-1.329604393342306 

147563 

-315406 

-135024 

20 

27 

2443708.5 

.920621710118589 

-2.421062028890914 

-1.331471160358577 

160337 

-338618 

- 145045 

29 

28 

2443712.5 

.957735805476137 

-2.409263005324377 

- 1. 333382930850622 

173614 

-362487 

-155352 

30 

29 

244371 6.5 

. 994666935280360 

-2. 396203652744276 

-1,33443990563225® 

187367 

-3870D7 

- 165942 

31 

30 

2443720.5 

1.031400473410153 

-2. 382687511577927 

-1.335542647632550 

201573 

-412175 

-176313 

32 

31 

2443724,5 

1. Of. 7953854192659 

-2.368718180165729 

-1.336391278971064 

216203 

-437993 

-187965 

33 

32 

2443728,5 

1. 104296572570000 

-2.354299313775797 

-1.336906201018703 

231232 

-464464 

-199399 

34 

33 

2443732.5 

1.140430134246327 

-2.339434623665852 

-1.337328093985711 

246633 

-491 598 

-2U120 

35 

34 

2443736.5 

1. 1 76340305830480 

-2.324127876179219 

-1,337417196523873 

262377 

-519406 

-223131 

36 

35 

2443740.5 

1.212044614974104 

-2. 308382891885927 

-1. 337254105350887 

278437 

-547905 

-235441 

37 

36 

2443 744.5 

1.247512050529532 

-2.292203544781231 

-1.336839374905338 

294784 

-577117 

-248060 

38 

37 

2443748.5 

1,282746812701618 

-2.2"5593761543192 

-1.3361"359'^03C10'^ 

311391 

-607073 

-261002 

39 

38 

2443752.5 

1. 317740363845203 

-2.258557520802555 

-1.335257400731294 

328235 

-637311 

-274286 

40 

39 

2443756.5 

1. 352467420305196 

-2.241098052258105 

-1.334391451742644 

345305 

-669378 

-297937 

41 

40 

2443760.5 

1,396901993940957 

-2. 223221835352533 

-1,332676452041326 

362605 

-701823 

-301981 

42 

41 

2443764.5 

1.421219111928859 

-2. 204930597464696 

-1.331013138914464 

390155 

-7351 90 

-316446 

43 

42 

2443760-5 

1. 455199996027449 

-2. 1 062 29312286528 

-1.329102204072306 

397986 

-769510 

-331350 

44 

43 

2443772.5 

1.488891521288288 

-2, 167122 199165277 

-1. 3269446932191 12 

416126 

-804798 

-346704 

45 

44 

2443776.5 

1.52231 7223452923 

-2,147613523296371 

-1,324541206148488 

434590 

-841066 

-362516 

46 

45 

2463780.5 

1,555461299413693 

- 2. 127707595605969 

-1,321892696780468 

453385 

-878329 

-378794 

47 

46 

2443784.5 

1.588310107448742 

-2.107408772132871 

-1.319000072905830 

472523 

-916606 

-395548 

48 

47 

2443788.5 

1.620982067732239 

-2. 096721453631412 

-1.3158642"6075814 

492002 

-955924 

-4127=2 

49 

48 

2443792.5 

1.653147662637540 

-2.065650084361607 

-1.312486281054802 

5U835 

-996311 

-430542 

50 

49 

2443796.5 

1.685109437408144 

-2.044199151334780 

-1.308867095430223 

532034 

-1037797 

-448813 

51 

50 

2443800.5 

1.716761998465152 

-2.022373183714947 

-1.305007759370213 

552616 

- 1080413 

-467624 


LMSC-D420943 



i-rpcc 3, C r\ < E S 



L 

step 

JUL I HA’*? 

X 

Y 


1 

51 

2663 P06 ,5 

1. 7681300156 17373 

-2.000176751869631 


2 

52 

2663098 .5 

1,779110219967898 

-1.97 7616666 730998 


3 

53 

2663812.5 

1, «098l 1606065‘'39 

-1. 956 6909"?91-31Q 39 


6 

56 

2663816,5 

1.860176629969939 

- 1 .031610979136969 


5 

55 

2663820.5 

1. 8"0?02210195^0'^ 

-l.9O77-'O1956?0O6=' 


6 

56 

266 3826 .5 

1 . 099889727379 >86 

-1.883800396726226 


7 

57 

2663823.5 

1. 92923702631 1567 

-1.859670381265961 


8 

56 

2663P32.5 

1.958’26205903656 

- 1. 83602099623701 3 


9 

59 

2663836,5 

1.906361639263357 

-1.809330117565168 


10 

60 

2663860.5 

2.015138953960991 

-1. 7P6511659216"'01 


ll 

61 

2663366.5 

2.063052062628263 

- 1. 75307O57O9229OO 


12 

62 

2663868.5 

2. 07C59606075 1 2 57 

-1.73291183697627 1 


13 

63 

2663852.5 

2.09'''?6662e565O95 

-1. 706660676825612 


16 

66 

266-»856.5 

2.126358628127218 

-1.600061533775986 


15 

65 

2663860.5 

2. 150968203 102226 

- 1. 6531 80C966657<»2 


16 

66 

2663866,5 

2. 1 76990757690305 

-1,626001270392635 


17 

67 

2663 869.5 

2.202621957113026 

-1.593530206U9769 


18 

66 

2663B72.5 

2. 22"785“'527"'6l657 

-1. 5707720*"698'^506 


19 

69 

2663876.5 

2. 25269325766656 1 

-1,562732098052987 


20 

70 

2663880.5 

2. 277126996966664 

-1.516615503386223 


21 

71 

26638B6.5 

2.301168657668676 

- 1. 68582 7565658738 


22 

72 

2663888.5 

2.326760213163352 

-1.656973585873392 


23 

73 

2463B92.5 

2. 367955699956668 

-1. 627858896T1>^336 

o 

26 

76 

2663896.5 

2.370731215826225 

-1.398683852256332 

1 

25 

75 

2663900. 5 

2.393002920739772 

-1, 36006886 7 S 586 59 

CO 

26 

T6 

2663906.5 

2.61500 703672 3608 

- 1. 339006298360351 


27 

77 

2663908,5 

2.636699067879702 

-1.300900650723328 


28 

78 

2663912.5 

2. 657557700622760 

-1.2785633"'075P669 


29 

79 

2663916.5 

2.678177002730976 

-1.267997986366602 


30 

BO 

2663920.5 

2. 690356225688216 

-1.217209997028228 


31 

81 

2663926,5 

2.518085901803659 

- 1. 186206 973666090 


32 

82 

2663928,5 

2. 5373686276B1261 

-1, 156908698659061 


33 

83 

2663932.5 

2. 556199062633937 

-L. 1235661 82565623 


36 

86 

2663936,5 

2.576573930666166 

-1.091963663220050 


35 

85 

2663960.5 

2. 592690019616672 

-1.060126602669369 


36 

86 

26630/v<;,5 

2.609966191606606 

- 1. 028120686885600 


37 

87 

266396 8.5 

2.626933331637036 

-.995931625560102 


38 

86 

2663952.5 

2.663656666238608 

-. 9635651526P63B2 


39 

89 

2663956.5 

2.659506566831 167 

-.931027027108609 


60 

90 

2663960,5 

2. 67508C789911689 

-.890323032201077 


61 

oi 

2663966.5 

2.6Q018028"'760091 

865653976005696 


6? 

92 

2663968.5 

2.706800209008576 

-.832660690669282 


63 

93 

2663972.5 

2. 71 8938088713259 

-.799276031030P33 


66 

96 

2663976.5 

2.732591066682685 

-. 765966876627336 


65 

95 

2663980.5 

2.7657565B7809723 

-.732519128965732 


46 

96 

2663986.5 

2.75S6322O2108857 

-.698062712267552 


67 

97 

2663988,5 

2.770615665607663 

-.665261573169597 


66 

98 

2663992.5 

2.*7823039387B638l 

-.631621680106311 


69 

99 

2663996-5 

2. 793695369610682 

597689023321076 


50 

100 

2666000.5 

2. 806L87691609536 

-.563669616397353 


I c.'otucq£TI^NS TV 10-TH DEC 

-U:i009093^'=>l^l‘^69 573f)02 -112^.192 -A96992 

- 1. 7965 720fi<'-.90?7n6 S9 'j 018 -11691t-4 -506935 
-I,29l9cc-3019132« 616992 -12 l‘>36 1 - 5276 72 
- 1» ?P 71 9^83 1 OOf-3 88 6 39256 -1262816 -568620 
-1.2B2l6'^65'^6 26'^=l 662165 -r3ll539 -570397 
-1. 2 763 70861 32S036 695596 -1361575 -592819 
-1,271362236169523 709668 -1612C63 -615903 
-1,265622932768578 736361 -1665669 -639667 
-1. 259656269832757 759720 -1519778 -666130 
-1. 25365^53 6 002^36 "'85833 -15 75 300 -689311 
-1.26703416 96 3 9? 96 812736 -1672267 -715233 
-1.26O3P5557601639 S60505 -1690708 -761921 
-1.233513135875533 869230 *1750638 -769396 

- 1.22661 8:»68022550 899007 -1 812056 -797660 
-1.219102766697050 929927 -1P76933 -82671P 
-1.211567786295930 962067 -1939263 -856562 
- U 2038 1 503301 33 56 995693 -2006969 -887131 
- 1 . 195866066 766053 10 30262 -20720 18 -918 56 3 
-1.187652681120611 1066627 -7160616 -950713 
-1.17926 59 11 117120 1 106061 *22101 13 -083608 
-1.17 07, 5 801 08 17171 1163156 -72810 71 -1017266 
-1.161860 66 33 26 161 1183813 -23 53 257 -1 051612 
-1.152816978656906 1226066 -2626636 -1086703 
-1.163583292586229 1269951 -2501162 -1122506 
-1. 1361671 6F 5 00612 1315516 -2576801 -1159005 
-1.126500395219387 1362790 -2653506 -1196196 
-1.1 16668737865391 1611813 -2731262 -1236057 
-1, 106630187 5 3722 5 16 62610 -2809959 - 1272582 

- 1.096396661208253 1515707. , -7889618,. -1311757 
-1.08 39 635016568 29 15 69 626 -2970l«l -1351569 
-1.073339227621101 1625878 -305161L -1392011 
-1.062523582003529 1683985 -31338BO -1633076 
-1 .0515 1 8537"^7206e 1763960 -3216965 -1676763 
-1,060376087658137 1605862 -3300866 -1517072 
-1,028966252527769 1869709 -3355696 -1560001 
-1.017387076553236 1935562 -3670863 -1603539 
-1,005666627856522 20C3660 -3556897 -1667669 

-.993722998858655 2073627 -3663532 -1692367 
-.9816263065851 61 2 1 65677 -3730710 -1737613 
-.969350692665115 2219613 -3818378 -L7P3396 
-.956906323375629 2295336 -3906688 -1829670 
-.966287389530292 2376161 -3995000 -1876651 
-.931502106139115 2636532 -6083873 -1923715 
-.918550712689702 2537003 -6173072 -1:971652 
-.905635671907889 2621555 -6262565 -2019652 
-.692158671666653 2708185 -6352320 -2068306 
-. 878722622893228 2796892 -6662308 -2117605 
-.86512Q660666058 208"67"^ -6532501 -2166^63 
-.851382163003767 2980533 -6622876 -2216916 
-.8 3768 26526 25869 3 075676 -67136 03 -2267311 


LMSC-D4 20943 



I 


r cc 


3 


PECTiN-^nJlAO 




L 

STFP 

JUUTiM OATF 

X 

1 

0- 

2444000 .5 
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.21512221596C296 

2.424924967216455 

U 101661935608774 

91645 

-134101 

-52994 

29 

28 

2444512.5 

.173003498220033 

2.421746913935024 

1.108743160716100 

96134 

-147800 

-58750 

30 

29 

2444516.5 

. I3084ltl961 1577 

2.417965791499384 

1.115548282813954 

100682 

-162416 

-64920 

31 

30 

2444*20.5 

,088647268991103 

2.413530509207203 

1. 122074669727080 

105293 

-1779*0 

-71519 

32 

31 

2444524.5 

.0464306 14425250 

2.408590139339452 

1.128319750120014 

109993 

-194437 

-73563 

33 

32 

2444523.5 

.0C42023Q0334246 

2.402993919546475 

1.134201015228268 

114777 

-211099 

-96064 

34 

33 

2444 532 .5 

-.033027055460712 

2,396791255155279 

1.139956020467132 

119661 

-230361 

-94037 

35 

34 

2444536.5 

-.060246764759345 

2.309981721362156 

1.145342307158529 

124653 

-249847 

-102497 

36 

35 

2444540.5 

12244607201 7889 

2. 382565065447167 

1 , 1 504 37804 105 160 

129763 

-270383 

-111461 

37 

36 

2444544,5 

164614157304378 

2.374541208639982 

1.155240029191859 

135005 

-291999 

-120947 

38 

37 

2444548.5 

-. 2067401 39X03655 

2.3659102*8511796 

1 , 1 59746891 O44'510 

140400 

-314732 

-130979 

39 

38 

2^44552,5 

-.2^«8R13C77157941 

Z. 356672461476009 

,1.163956290928503 

145983 

-330613 

-141579 

40 

39 

2444556,5 

-.290821975971239 

2. 3‘t6828305819187 

1.167866204943330 

151003 

-363665 

-152768 

41 

40 

2444 *60.5 

-.332755769^.19990 

2.336370424407144 

1.171474686190535 

157913 

-389093 

-164555 

42 

41 

2444564.5 

-.374603425053035 

2.325323646338120 

1, 174779866436072 

164350 

-417285 

-176943 

43 

42 

2444568. 5 

-.416353752519539 

2.313664907733191 

1.17777995^264105 

171170 

-445024 

-189928 

44 

43 

2444572.5 

-.457995599074 129 

2. 301403652853637 

1. 100473251314467 

178362 

-475495 

-203510 

45 

44 

2444576,5 

-.499517761455975 

2-230541035576529 

1.182050123700463 

185046 

-506205 

-217604 

46 

45 

2444 530.5 

-.540909005490420 

2.275O78720620641 

1.104933033749509 

193924 

-533188 

-232454 

47 

46 

2444584,5 

-.582158070716106 

2.261016485514327 

1.166696525983237 

202300 

-571193 

-247822 

48 

47 

2444583.5 

-.623253675032714 

2 . 246362301935974 

1.18B147232461141 

211075 

-605312 

-263790 

49 

40 

2444592.5 

-.664184518784108 

Z. 231112336920461 

l.-i892338?38l0l40 

220246 

-640532 

-280366 

50 

49 

2444596.5 

704039289275710 

2.215270954277102 

1.190105260907202 

229811 

-676857 

-297555 

51 

50 

2444600.5 

-.745506665437222 

2. 198840715610071 

1,190610296300257 

239765 

-714291 

-315364 
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CERES 


RECTANGULAR SPACE CHOROINATE S 



1 

STEo 

JULIAN 0AT5 

X 


i 

5 1 

2t44*tQ4.5 

-.785875322434023 


2 

52 

2444 S )6, 5 

-.826035936417751 


3 

53 

2444612*5 

-,36'=;97 1 18935 53 21 


4 

54 

2444416.5 

-.905675773906555 


5 

55 

2444620.5 

-.945136398402713 


6 

56 

24<»«»624.5 

-.984341791734257 


7 

57 

2444423.5 

-1,023280700578127 


9 

53 

2444432 .5 

-1.061941S33705455 


9 

59 

2444636,5 

-1. 100314257103380 


10 

60 

2444640.5 

-1. 13P386628331581 


ll 

61 

2<, 4,4644. 5 

-1.176147361794078 


U 

62 

2444648 . 5 

-1.213586943010355 


13 

63 

2444652.5 

-1.250692885306847 


1^ 

64 

2444656,5 

-1.267454765762206 


15 

65 

2444460.5 

-1.32386 1730166591 


16 

66 

2444664*5 

-1,359902998289456 


17 

67 

2444468,5 

-1,395567866785939 


13 

63 

2444672 .5 

-1,430345724265097 


19 

69 

2444676*5 

-1.465726037035794 


20 

70 

2444680.5 

-1,500193374502162 


21 

71 

2444694.5 

-1.534252404158615 


22 

72 

244466 8*5 

-1,567377899631395 


23 

73 

2444692 .5 

-1.601054745627350 

0 

1 

24 

74 

2444696.5 

-1,633802944414420 

25 

75 

2444700.5 

-1.666082619234942 

M 

26 

76 

2444704 .5 

-1.697894021666610 

<1 

27 

77 

2444703. 5 

-1.729227535947238 


26 

78 

2444712.5 

-1 .760073684386242 


29 

79 

2444716.5 

-1.790423132469435 


30 

60 

2444720.5 

-1.820256693687444 


31 

81 

2444724,5 

-1,549595334055330 


32 

82 

2444728, 5 

-1.878400176496783 


33 

83 

2444732.5 

-1.906672505724124 


34 

64 

2444736.5 

-1,934403774041066 


35 

85 

2444 740 .5 

-1.9615P5607430692 


36 

66 

244^744.5 

-1.909209010760509 


37 

87 

2444748.5 

-2.014260371876824 


38 

33 

2444752.5 

-2.03975346588026? 


39 

69 

2444 756,5 

-2.064657458890552 


40 

90 

2444760.5 

-2.088972911904321 


41 

91 

2444 764 • 5 

-2. 11-2692585 117372 


42 

92 

2444763.5 

-2. 135809441625099 


43 

93 

2444772.5 

-2.150316651227167 


44 

94 

2444 776. 5 

-2, 1 80207594189142 


45 

95 

24 44 780.5 

-2.201475864721573 


46 

96 

2444784,5 

-2.222115274367994 


47 

97 

2444788.5 

-2.242119855234918 


48 

96 

2444792.5 

-2.261483363051708 


49 

99 

2444796.5 

-2.280201780052920 


50 

100 

2444800.5 

-2.290268317655157 


PFRTURSATIONS IN 10-TH OEC 


2. 101824381294916 

1.190797975oi30i7 

250104 

-752837 

-333900 

2-1 6472491 1342^01 

1 . 19066758^^9? 5 54 7 

2608 1 d 

-792500 

-352974 

2. 14604=^466 12 75 18 

1.19021 7722U=);>rt 1 8 

? 

-H 33289 

— J’259‘* 

2.127289406971457 

1, IH444&250O.U528 

2^3333 

-875212 

-392971 

2. 1079602965^7318 

1 . 1 PP.358577916 508 

295108 

-9 1'8 2 82 

-414017 

2.066061899299589 

1 . 136947562310920 

307208 

-962517 

-435749 

2,067598181244321 

1. 18= 2 15392256708 

319618 

-1007038 

-4501 83 

2.046573310250821 

1 .183161550231 320 

332324 

-1054577 

-481 343 

2.024991655930350 

1 . 1 30'’85B2l 2 7 3'?P0 

345323 

- 1 102 4 71 

-5052 56 

2.002057790045,027 

1 , 1 7808B09 3999382 

358626 

-1151658 

-529951 

1.980176467224490 

1.175060362274345 

372259 

-1202171 

-555456 

1.956952725302962 

1,171726726500019 

3862 58 

-1254024 

-591791 

1,933191664535309 

U 16B0633944B2 324 

40064 7 

-1307221 

-609968 

1 . 906898745892453 

1.164070681716020 

4 1 544 1 

-1361760 

-636996 

1.884079489626327 

I.l 597 7301 1 72'^7a6 

430646 

-1417643 

-665985 

1.856739694133021 

1.15514691g6150'’4 

4462 63 

-1474RT5 

-695647 

1 .83266 53344822 56 

1 .150201037 3-^5632 

462292 

- 1533470 

-726297 

1,806522581669263 

1. 144936124750309 

478736 

-1593442 

-757852 

1.779657001144950 

1.1 39353039478870 

495600 

-1 6548,09 

-790332 

1.752297551182615 

1.133452752805191 

512091 

-1717591 

-023756 

1.724440531396750 

1.129236346809262 

530618 

-1781005 

-058145 

1.6961 17830816942 

1.120705014635021 

548796 

- 1 847473 

-893520 

1.667312425881441 

1, 1 138 60060641294 

567440 

-1914613 

-929904 

1.638039676250579 

1.106702900487562 

586566 

-1983244 

-967319 

1.608307002519275 

1.099235061121938 

606195 

-20533S3 

- 1005784 

1. 578122313610962 

1.09145.8180680078 

626346 

^2125049 

-1045323 

1.547493224162530 

1.083374008206768 

647042 

-2198258 

-1005958 

1. 516427841595643 

1.074984403750555 

668305 

-2273020 

-1127712 

1,404934365045440 

1 ,066291337149783 

690161 

-2349378 

-1170609 

1,453021162145095 

1,057296088293493 

712638 

-2427332 

-1214676 

1.420696765860832 

1.046003246250836 

735776 

-25 069V5 

-1259944 

1. 387969871647640 

1.038412708946566 

759631 

-2583150 

- 1306441 

1.354849334950408 

1.028527663053641 

784273 

-26-^10^5 

-1354193 

1, 321344168304470 

1.010350663773484 

809779 

-2755591 

-1403216 

1.207463537321678 

1.007884333974481 

0362 1^^ 

-2841757 

- 1453513 

1,253216755771412 

.997131362054347 

863643 

-2929505 

-1505094 

1.218613280957399 

,986094604569352 

892100 

-3018797 

-1557927 

1.183662709390326 

.974776997067302 

921524 

-3109589 

-1612037 

1, 14037477210 5363 

.963181580712725 

952245 

-3201846 

-1667411 

1.112759331169691 

.95131 14972924B0 

983994 

-3295524 

-1724040 

1.076026374322820 

.93P16998871873? 

1016096 

-3390580 

-1781940 

1.040586011093083 

.926760395579443 

1050975 

-3486971 

-1841083 

1.004048467907523 

.914086155803715 

1086249 

-3584647 

-1901468 

.967224083291307 

.901150803131266 

1122737 

-3683558 

-1953087 

.930123302955636 

.867957965451761 

1160448 

-3'^&3649 

-2035920 

.892756674798651 

,87451 1363 182748 

1199388 

-3884864 

-2C89978 

.855134843794776 

,860814807430747 

1239556 

-3987144 

-2 155221 

.817268546780923 

.046872198402469 

1260945 

-4090428 

“2221642 

.779168607142490 

.832687522975224 

1323541 

-4194655 

-2289223 

.740345929389341 

.018264853174771 

1367320 

-4299766 

-2357946 
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I CERES 


RECTANGULAR SPACE COQPi)lNATES 


3 


O 

00 


L STEP JULIAN OATE 


Y 


Z 


1 

0 

2 

1 

3 

2 

4 

3 

5 

4 

6 

5 

7 

6 

0 

7 

9 

0 

10 

9 

11 

10 

12 

11 

13 

12 

14 

13 

15 

14 

16 

15 

17 

16 

18 

17 

19 

IS 

20 

19 

21 

20 

22 

21 

23 

22 

24 

23 

25 

24 

26 

25 

27 

26 

28 

27 

29 

28 

30 

29 

31 

30 

32 

31 

33 

32 

34 

33 

35 

34 

36 

35 

37 

36 

38 

37 

39 

38 

40 

39 

41 

40 

42 

41 

43 

42 

44 

43 

45 

44 

46 

45 

47 

46 

48 

47 

49 

48 

50 

49 

51 

50 


?00.5 
2-V44 e04, 5 
2444 d , 5 
2444 El 2, 5 
2444fll6.5 

2444520.5 
2444P24, 5 
2444E28.5 
2444 032 . 5 

2444536.5 
2444 840.5 
2444 644.5 

2444848.5 
2444E52.5 

2444856.5 
2444 660.5 

2444654.5 

2444650.5 

2444672.5 
2444 E76.5 
2444 880-5 
2444 «84.5 

2444898.5 

2444602.5 

2444806.5 

2444000.5 

2444004.5 
24449')9,5 

2444012.5 

2444016.5 

2444020. 5 

2444024.5 

2444526.5 

2444032.5 

2444036.5 

2446940.5 

2444044.5 

2644048.5 

2444052.5 

2444956.5 

2444060.5 
244*»064.5 

2444068.5 

2444072.5 

2444076.5 

2444080.5 

2444084.5 

2444088.5 

2444002.5 

2444006.5 

2445000.5 


-2, 209268 i 17655157 
“ 2.315678418867620 
“2. 332427260340650 
-2.348510253084401 
-2. 36 1<5 2 3048346905 
-2, 37966 15303071 30 
-2.302721828146136 
-2.4C6100313405602 
-2.418703603642612 
'2.430708562507388 
-2.442112301034683 
-2.452732176^00033 
-2.462655705532143 
-2,471881010243052 
-2.48C405922264903 
-2.485228980737040 
-2,405348482610093 
-2. 50 1763572294334 
-2.5C7473241064346 
-2,512476026463754 
-2.516773011400487 
-2. 520364323 164742 
-2.523248132106517 
-2,525425650238001 
-2.526807420356069 
-2.527664258800523 
-2.527727163054200 
-2.527087399645367 
-2.525746458093565 
- 2. 523706C58942305 
-2, 520068151913280 
-2.51753491293C496 
513409741324326 
-2.508592256500402 
-2. 503098294742682 
-2. 4 01,809906450163 
-2.490030352853305 
-2.482483102734335 
-2.474261829328043 
-2.45’53704C6867549 
-2.455812907163505 
-2.445593506094170 
-2.43471603001 5071 
-2.42318755208P422 
-2.4 1 101028F 51 1306 
-2.3091001445BS577 
-2. 384732300566805 
-2.370642107148053 
-2.355925C80028827 
-2. 3405860C0361657 
-2.324633402703483 


• 740845929309341 
.70231 I 40362886 ?. 
.663576349096966 
.6246516132341 18 
.585540457697029 
,546278112817788 
, 506851858233026 
.46720 1017909200 
-427576053896404 
. 387751059292029 
- 3476147533383 36 
.307779475052843 
. 2676 5667024 17 35 
.227457825876630 
. I 871943 844896 12 
, 146877818600763 
. 106510586632309 
.066131132574092 
.025723803504221 
014600757226091 
-.055101415028705 
005496749372832 
135865459055373 
-. 176196287441 125 
-.216478027613444 
-.256699527249021 
-.206849692927506 
-.336917493887084 
-.376891965951875 
-.416762216352902 
-.45651 7429200766 
-.496146870460684 
-.535679892205247 
574085937597070 
-.614174543465101 
-.653195345106099 
-.692038080C853C4 
730692500078169 
76914 80297912 59 
-.807306861002925 
-.0454268649571 12 
-.083229141093210 
-.920704111073594 
-.058112321819151 
-.9951'?444a466187 
-1.031971297242599 
-1,068493808207648 
-1. 104733057672394 
-1.140680260015785 
-1.176326768916404 
-1.211664078733904 


,810264«531T4771 
.803508343007309 
.785722230317738 
.77361082661694 9 
.758273523103545 
.■'427?978494v8004 

.7269A9i5o;?qQc;,7 

,711001227061587 
,694 P 30694201 5R8 
.67846229078027s 
.66 1900321 4T0575 
,645151149357643 
.628210196867643 
.611106938298953 
-593822402139100 
.576369666 100384 
.550753 354 930939 
.540900130021570 
-523053726259413 
.504979869903909 
.486763055547171 
-468411003551768 
.449926665259054 
.431316220231164 
-4 12535073462450 
.393738652691768 
. 374782405963410 
.355721799513727 
-336562315632930 
.317309450050757 
.297960706853062 
*278545605555879 
.259045658452520 
.239474387871259 
.219837313923454 
.200139954047396 
. 180307820521332 
. I 605 0641 020 3612 
. 140741242151734 
.120857775309044 
.100941406233585 
. 08099782685021 I 
-061032230233484 
.041050108416279 
.021056850215622 
.001057819071839 
-.01 894 1649077939 
-.038936247799588 
-.058920701860775 
-.078889768572527 
-.098838239123285 


PERTUR3ATI0NS IN 


-0 
-487 
-1984 
-4542 
-8199 
-l?OR3 
-13916 
-2<^04l 
-34406 
-440’9 
-55135 
-67656 
-81724 
-97426 
-1 14849 
-134082 
-155214 
-l'»d338 
-203546 
-230934 
-260597 
-292635 
-327146 
-364230 
-403984 
-446495 
-491837 
-540068 
-591239 
-645409 
-702653 
-763051 
-826692 
-893665 
-964059 
-1037962 
-1 I 15461 
-1 196641 
-1281588 
-1370336 
-1463119 
-1559871 
-1560729 
-I 765777 
-1875105 
-1988798 
-2106942 
-2229613 
-2356872 
-2488769 
-2625346 


0 

-625 

-2514 

-5685 

-10160 

-15051 

-23057 

-31460 

-41141 

-52086 

-64285 

-77736 

-92443 

-10041 1 

-125651 
-144179 
- 16401 I 
- 1 0 5 1 6 7 
-207671 
-231547 
-R56B26 
. -283541 
-311729 
-341436 
-372715 
-405624 
-440227 
-476576 
-514708 
-554649 
-5964 1 7 
-640037 
-635535 
-732946 
-782302 
-833642 
-837004 
-942427 
-999949 
-1059609 
-1121443 
-118549 I 
-1251790 
-1320300 
-1391300 
-1464597 
-1540321 
-1618527 
-1699271 
-1702598 
-1868539 


10-TH CEC 

Q 

-456 
-1834 
-4154 
-7435 
-11694 
-16939 
-23171 
-30306 
-35582 
-47756 
-57913 
-69055 
-3U88 
-94320 
-100459 
-123614 
-139794 
-15701 1 
-175276 
-194500 
-214999 
-2364B7 
-259032 
-292S05 
-307683 
-333742 
-361006 
-389489 
-4191 97 
-450132 
-482294 
-515685 
-550309 
-586170 
-623271 
-661616 
-701210 
-742054 
-784149 
-827496 
-872095 
-917943 
-965039 
“1013382 
-1C52970 
-1113806 
-1165094 
-1219241 
-1273846 
-1329701 
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CEP!=S RcCTANGULAR S'^AC? C^TIriD I N AT 6 $ 



L 

siep 

JULIAN DATE 

X 

Y 


1 

5 1 

2445004.5 

-2. 3000705^*1268453 

- 1 . 24668 38267617 1 1 
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- 1. 918361 869787283 
-1.896555681163101 
-1. 8?06055*'°''a7700 
-1,865916970561118 
-1.821096695162527 

- 1. 795963031 1 77750 
-U770667690393769 
-1. 766672P1’717^06 
-1,716563990992003 
-1.692166021551623 
-1.665623956289039 
-1.638602867387032 

- 1. 6UOR7072 152 1 83 
-1.583686112060673 
-1. 5555°6 *’62331730 
-1. 527631029717662 
-1 .699992151666133 
-1.67O2053°6O631O5 
-1.661316060815659 
-1.612O096-'3625168 

- 1. 38261099063132 1 
-1.352885998060036 

- 1. 322 91 0OQ9966699 
-1,292718168882011 
-1. 262286265514758 

- 1 . 231629638665513 


D r ? r.jc T TO'; <; TS 10-TH DEC 


- 1 , 3 ’ 7.0 p 016 0 7656 « i 

- 30 50^90 

- 1 066**' 

5696 6 

- 1 . 33 05 644 8? 5int5 3 

-3 1 56 162 

- 1964 12 

*66 76 3 

- 1.338 >‘,57055 

- 3 2 5>st^?0 

- 1 95826 

7 3 0 2 :. 

-1 . 3 3 = 1 "62=5= 

-3 363 7 = 0 

- 1 C4 4 ■'Q 

8 18 0 5 

- 1 . 3 3^1 1 OTIH :35''05 ’ 

-3470263 

- 192'= 66 

9 1108 

- 1.330 70^603 002 566 

-3577566 

- 1 905 90 

100966 

-1 . 33 02 2 9663 2 390 18 

-3630753 

- 1875 36 

111336 

- 1 , 33761 29’8 7656 lO 

-3796061 

- 1 339 1 0 

1 2228 5 

- 1 .336366603P’6^ 266 

-3=06733 

- l*’95 1 3 

133820 

-1.335O 3130795O6(-,7 

-6015396 

-1 74 3 36 

165966 

- 1 . 330467776 7052 3? 

- 6 1 26 76 5 

- 1 60 2 96 

150766 

- 1 . 331 6 566006C06 3B 

-6230327 

- 1 6 L 3 1 0 

172257 

- 1 . 3295Cfl65901 06^9 

-6 ?5 1567 

-1 53290 

106691 

-1 .3272 06776 110326 

-44., 4^909 

- 1661 7 5 

201510 

-1.326765617150556 

-4579100 . 

-133865 

217358 

- 1.321902660960726 

-6693914 

- 122291 

236077 

-1.310916269666368 

-6809651 

-109380 

251712 

- 1 . 31563 750 7665b 12 

-6925733 

-95058 

270303 

-1 .3 ! 21 1'517 1016=0 

-5062»03 

-79256 

289093 

- 1.30335 721 29 75039 

-5 160 6 86 

-61 B97 

3 10 52 6 

-1.306357681045086 

-5 279423 

-62919 

332260 

-1.30012000°136391 

-5399068 

-22253 

355081 

- 1. 295665316266006 

-5519675 

16 5 

379089 

-1 .290036752392005 

-5661306 

26390 

406305 

-1.285909698363556 

-5764025 

50501 

430767 

-1.280310765522673 

-5887910 

76525 

458514 

-1.2'’33 = 9705666639 

-6013039 

1005 13 

497577 

-1.269757060763635 

-61 39691 

160699 

517987 

-1,263086262972015 

-6267366 

176507 

549760 

-1.257786333895520 

-6396661 

210553 

58294 1 

- 1,25 165960’9153?6 

-6527693 

266600 

617530 

-1.266906951535356 

-6659907 

20P9U 

653568 

-1, 238130303092959 

-6793956 

331303 

.691093 

-1,231130933069565 

-6929720 

375905 

**30145 

-1.223910316296769 

-7067300 

622758 

770763 

-L.216V69967667676 

-7206795 

671890 

012983 

-1.200011362255809 

-7 368314 

523369 

856037 

-1.2009-^61 16959160 

-7 691962 

5771 30 

902353 

-1.1°2«65'’90 113033 

-7637850 

633251 

069557 

-1. 18656 19996761 17 

-7786086 

691 710 

998673 

- 1 ,17602630 1 376200 

- 79 06780 

752531 

1C69120 

-1.167300603061852 

-309006 1 

815667 

1 101520 

-1. 1 58366355635923 

-8265978 

9811 75 

1 155687 

-1.169225350O6‘'239 

-8606^00 

, 968982 

1 211638 

-1.139379356236978 

-a 566318 

1019090 

1269386 

-1.130300121575305 

- 8730960 

1091676 

1 328962 

-1.120570651 731936 

-8B98577 

1 166 1 11 

1390315 

- 1. 1 10629170350060 

-9069639 

1262961 

1653510 

-1. 100401127033609 

-9243937 

1321932 

1510530 

-U090137197217694 

-9621676 

1603125 

1585372 


LMSC-D420943 



LMSC-D420943 


Appendix D 

PERTURBATIONS IN OSCULATING ELEMENTS 
AT FUTURE DATES 


LOCKHEED MISSILES & SPACE COMPANY. INC. 



LMSC-D420943 


Appendix D 

PERTURBATIONS IN OSCULATING ELEMENTS AT FUTURE DATES 

Appendix D contains the perturbations in the orbital elements for the first 50 minor 
planets at successive 400-day dates from 1973 November 14 (244 2000.5) through 
1983 September 23 (244 5600.5). The dates of osculation are contained in the page 
headings. All of the perturbations are with respect to elements osculating at the 
initial standard date 1972 October 10 (244 1600.5). However, to find the mean 
anomaly at an osculating date see par. 4.4, Example 6. 

Number of the minor planet 

Perturbation in degrees of the argument of perihelion 

Perturbation in degrees of the longitude of the ascending node 

Perturbation in degrees of the inclination 

Perturbation in degrees of the mean anomaly at the initial 
standard date 244 1600.5 (Also see par. 4.4, Example 6.) 

Perturbation in astronomical units of the semi-major axis 

Perturbation in the eccentricity 

Perturbation in the mean daily motion, which is expressed 
in seconds of arc per mean solar day 


NUM 

DEL ARGPER 
DEL NODE 
DEL INCL 
DEL MO 

DEL A 
DEL E 
DEL MDM 


D-1 
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r,couo (IF tn_A<^PTS 


NUM 

DEL iPOPPP 

DEL ^'r!nF 


DEL INCL 

I 

.520021017535 

-.001660327179 

- 

.003257533975 

2 

-.03500501 1710 

.00002)039138 


.001515670039 

3 

-.070037536859 

-,02766516’163 

- 

. 0005’156152 1 

5 

. 106995525569 

-.00132)070457 

- 

,00)270181159 

5 

-, 007518913507 

. 007196072930 


.003B20939P55 

6 

.062958850635 

-.002287332645 


,00)515095068 

7 

-.027599677167 

-.035590220027 

- 

,005577539199 

B 

-.071253510730 

-.0000071’0613 


,000025555’21 

9 

-* 13335(9506559 

-.no^.6’1 907907 


.00)277559595 

10 

-.535308367061 

052572758580 

- 

.005e50?5‘’519 

U 

185062515358 

- .0009D9093655 


,00)070721810 

12 

,076557285517 

-.016507956)09 

- 

,00)991950572 

13 

.6O3’2506’O55 

-,0’565°c 092-1 

- 

.Oil )5575°033 

15 

-. 1859057B5536 

-.023720806861 

_ 

,00 1 759559802 

15 

.032018919781 

-.001 1 10768699 

- 

.000287256251 

16 

1O5205*'02523 

.000007520065 


.000055330555 

17 

052575258582 

-.002159561065 


.009178227329 

18 

-.O3O5l’l7O550 

.0033637453’8 


.000681 160025 

19 

-.0717992 75367 

-.001091839596 


.009175'.9(^321 

20 

-. 0B0710537732 

015593B76003 


.000065e3hH26 

21 

-. 21575(3173055 

-.009O22533557 

- 

,000008870514 

?2 

-. 197973535356 

010502718705 


.001021173939 

23 

-,033555790220 

-. 002565670365 


. 00025?’77575 

25 

-.163590595820 

.000591255618 

- 

.00)038492528 

25 

.015526635619 

010512282501 

- 

.000905596581 

26 

. 11 1730929259 

-. O15’'0986'3O6 

- 

,00)530357456 

27 

-.092865020155 

-.001111125955 

- 

.00)027613336 

2 B 

128925600306 

-.006311616053 

- 

. 000003050031 

29 

-.269005038379 

-.0215855 78796 

- 

.00)116338185 

30 

-.083670055290 

000995750033 


,000050310139 

31 

-.052177199832 

-.01 1805083621 

- 

, 0021P0556725 

32 

. 171 302867722 

-.005505519183 

- 

,00008)535305 

33 

.028760085726 

-.009152851980 


.00)523701075 

35 

-.095017317057 

-. 01 2 97 75 8 5 ’t 7 


.00)593936719 

35 

-. 021 775607951 

-.021755515570 

- 

.00)159962333 

36 

-.059855973937 

-, 103355651866 


.006351582273 

37 

-. 1150371 85505 

-.00 31 71360537 


.00)51 2550852 

38 

089325215501 

-.000675079569 

- 

.000125951655 

39 

-.171983825210 

-.053753812555 


.01)231837539 

50 

-.552555286631 

-.009979695300 

- 

.001215329151 

51 

- .039 353079516 

C0310’55P757 

- 

. 0008P0559698 

52 

,0596956^,9867 

-.008802266766 

- 

.00)635788972 

53 

. 0700501B6692 

.000813601175 

- 

.000525521536 

55 

-.094569685622 

-.000798257525 


.00)238635787 

45 

. 208428139531 

.002128735359 


.000699895000 

56 

-.170-591 10262 

-.025351597559 

- 

. 00007016C686 

57 

.063823792389 

.000538080698 


.00)537979688 

58 

, 359199952670 

-.005930071052 


.001186130055 

59 

-.03332767001 1 

-.005151199031 

- 

.000168556153 

50 

130854305 022 

-.052265569091 


.000515965055 


nSClJLflTICN !S JUL!^^! O^Tc 2<»A2n)0,5 
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n^L MO OFL 6 

-.4280^ 769^^5 8? ,O0 I 6H91602 ^^7 3 

,3 7l57’i88^A^6 - . 0'i‘i «► 570? 5 27^ 
.10^.510^71080 .no 1622 15<. 85 68 3 
-.1512 59950723 . 000 1 5n7 55 ^ 5055 

.055783250° 02 -.0005O2°?0328~l 
-.065755975786 ,00055208533126 

-.065725767526 .00067781576903 

.l06''53I5°Qa3 - .000 J5 3 3 78 95 1 7 I 
.171565659191 -.00068031351730 
.232 79’73-t262 .00150(^53653707 

. 179700515119 ,00107^990595 122 

-.09 0 75156 2211 -.00009128202 329 
-.635° "2 509600 .00250256123535 

.203855805697 -.00251135725851 
-.065592 513530 ,00033332''99 9 74 

.138998366827 .00010886187575 

-.008 2 52 2809 37 , 001355 i,0022275 

.0626793910’! -.00056003388586 
. 109555502193 noO 32907792 1 3 5 
.069650580181 -.00001065503001 
.159108591535 .00112911598026 

.226636751726 -,00121987692862 
.0’2387396358 -.00072055876718 
. 1902 33 055687 , 000656 1 5 75 6 U 3 

.025523975196 -.00035976593611 
-.128336767510 -.00007760915395 
,101531392265 -.00061079685051 
.110195599750 .00113095660828 

.272509909263 .00165052725306 

.119556530892 -,00059566663735 
.021918316270 .00063615255056 

-.136966152018 -.00007078089311 
-.021711969035 -.00002697920070 
.082390217257 -.00017102957595 
-.000595505235 .00060952591997 

.030551709559 ,00219125688529 

.136396655118 -.00098297065568 
.0609’8537P89 .00105310768659 

.115575866839 -.00076065796603 
.376 7 00 160 350 .00 0059 5055 0 736 

.001255262387 .00008666033033 

-.061539032512 -.00055535652665 
-.085’2 139 1502 .00053597512503 

.083221553652 -.00035511636652 
-.185369991719 -.00107385013530 
,185059609973 .00156087193679 

-.029785332960 -.00051599153215 
-.285376572655 - .000702 0569 59 1 1 
.009202572361 -.00020028081192 
.1017 58856 769 .002061 29732 587 


DEL F DEL MD” 

-.00733525117211 -.67256831516 

-.00020501657091 , 23156897992 

-.00059721551935 -,75200525160 

-.00020270067959 -.09736816030 

,00057302621679 .2Q579036237 

,00013073555825 - .2629875670 I 

-.00102059063338 -.51002976776 

.00015555378651 .26151005793 

,00005863898163 .51210252523 

.00139655525329 525539G551 I 

.00035969250755 -.60523897161 

.0000 n 6922 160 7 ,05831311609 

-.00)76597257601 -1.19879927163 

. 00095 5^5 a 79? 8 6 1,19 2 7 2 711503 

.00028093915015 39062 081 13 5 

.00015588561533 -.03966865502 

.00059290580797 -.75687502937 

.00026206113276 .30665510605 

,00016279657685 ,13800953296 

.00005579175769 .00629569301 

• 0000(>6S6 155209 - . 6 5 9? 2 3 3 76«- 8 

.00020230877065 .55001575513 

-.00022071261005 .55369332810 

,00013181718980 -.19709872930 

-.00025095996852 .20050715922 

-.00022580992711 .03595591132 

-.00000)00565101 .38528317052 

. 000 1 6062 2P 6620 -.56855309231 

-.00063151278518 -.85112562767 

.00023326052500 , 3 60 OO- 3203 5 

,00016520255255 -.19135731831 

-.00012353156371 ,03597615919 

.00051717077055 ,35612659552 

-.00017193195895 .07693215301 

-.00035276585755 -.20935508509 

-.00101271630362 -.93005657508 

.00011086103538 .56099873230 

,00026676576073 -.556631 I PJ35 

-.00112131157336 .31325505121 

-.00067982186761 -.05093550905 

-.00025535175511 -.03636593013 

,00025195192197 .31159157572 

-.0002374551C2’7 -.30570531387 

-.00005066915316 .20715060357 

-.00022177060963 .56805765531 

.00006795527258 -.76725600076 

-00025835505110 .15730575566 

.00032553556357 . 25325630661 

.00025801060355 .06305926316 

-.00033233932001 -.9591 7979977 
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GROUP CF minor PLANETS 


OSCULATION IS JULIAN OAT F 2442A00.5 


6 



1 I , 81099907V9I4 -.186702230621 

2 -.060299575859 -.010108487970 

3. -.240505299505 -.052936915090 

4 .2301 5 93 7 3015 - . 00o6 4b 1 86 39 3 

5 -.072333411390 • .001109872974 

6 .101839086338 -.004693179773 

7 .052793361476 -.045225500755 

8 -.266597664134 - . 0 12 5 76 528 356 

9 -.36,50 7543 77 70 - . 0 24 1 3 3 7-32 1 82 

10 -1 . 2953 399272 I 7 -. 1 70358 3 79877 

11 -.627154568116 -.009466363008 

12 .159443826786 - .C 249oC 1 15 206 

13 1.493781691251 -.165093884152 

14 -.263714291051 - . 0 25 3 29 9 8 3 102 

15 .05 83 344 7 32 7 3 -.01338391 1333 

16 -.644323502213 -.007816126057 

17 -.392488555597 -.011256172063 

18 -.170749036886 .000917444711 

19 -.298951562923 -.071280684178 

20 -.20033328974<f -.008912415844 

21 -.254383794025 -.017770061320 

22 -.280594358959 r -.011578074784 

23 -.008665656827 -.026225766742 

24 -.357703176531 .000072455474 

25 .077028203475 -.028020023721 

26 . 1959130 78940 -.018 233 002 133 

27 -. 174385458111 - .00 1 V64 59 0 24 1 

28 -.220179291642 -.007867747594 

29 -.298502744121 -.041982948729 

30 -.396914064101 -.007339184351 

31 -.110507518144 -.016707844221 

32 1,326712862134 -.147641646268 

33 .094064946377 -.009984819892 

34 -.257308396565 -.013039766563 

35 -.044774846730 -.023582871701 

36 .003904123320 -.109997213065 

37 -.100204251697 - . 0026 4 1 8820 1 6 

38 -. 157220347170 -.009199423 683 

39 -.066139603037 -.053129402666 

40 -.185440909370 - . 0 12 5 8 3 1 63 38 I 

41 -.101050631756 -.012978797109 

42 . 13 38 4 33 6 5431 -.0150 53296 54 5 

43 125088805256 -.014659000641 

44 -.188048376021 -.001423159101 

45 .687151637107 .001908345246 

46 -.304787271136 -.043993016388 

47 -.176124679459 - . 0 107 2 8 841 506 

48 .419 3469 55681 -.016 2 26.399 475 

49 -.007558838544 -.023750704030 

50 104139223033 -.057581287801 


-.016485420065 
.004374467718 
.005982296258 
-.00016601^116 
, 000308 180247 
-.000116181717 
-.005827618222 
-.001750152285 
-.001159652 195 
-.008185996825 

- .000432 379 760 
.000326051292 
.001853510853 

-.002111413246 
-.001595104326 
.000746691 720 
-.000234381593 
.000366973588 
.000639079479 
.000297202327 

- ,000943609547 
,003036546676 

-.003853979221 

- ,000064418729 
-.003283205074 
-.000033105709 
-.000029004550 

- .000003617708 
.0C2301707933 

-.001 372847080 
.003223756187 
.004078773557 
.000525899131 
.001025510536 
.000305263244 
.011231047424 
.000545442968 
-.000825441961 
.010813614838 
-.001456809866 
-.001808416066 
-.000043785260 
-.000946391521 
.000252582654 
.000383707 890 
.001419969566 
.000883242743 
.001012840742 
-.000320097452 
.001155859213 


-1.873424094087 
.114390261835 
. 152600134898 
-.237367524274 
. 102 78 24999 i 1 
-.130026917464 
-.104105259103 
,240884266885 
.399495626236 
1.316097552339 
,607397225693 
14 736 1848067 
-1.444679305389 
.39 7551679325 
- . 10 I50i 248840 
.592839123080 
.403653200861 
.151452074198 
.329C919595C6 
.214942942079 
.262696131460 
.347374399120 
.073499907146 
.356779315276 
-.052010254276 
-. 19 111 14607 72 
.21519 3811699 
.181457715596 
♦197972583570 
.388709949308 
.085615033364 
-1.329820043575 
-.068678375705 
,269490264953 
.018114950290 
.0217692C78B0 
.239994372467 
.123635342796 
.059694886309 
.139433027024 
. 146702552986 
102284907000 
-.153123499178 
,212939613932 
- .676183678614 
.321301331707 
.111044237103 
-.364908055326 
-.005259260510 
.122376.118215 


,00464868341486 
.00124453014256 
.00280955692070 
-.00044968422552 
.0001 9339 775 194 
,00039994319867 
.00049085789828 
.00038206706243 
.0007b 1497 1 1C42 
-.00517502989540 
-.0000844431 1419 
-.00074075407923 
,00000509203947 
-.00215014571677 
.00053793703287 , 
.0033474580266 1 
-.00056344265919 
.00037674468761 
.00128141451927 
-.00066724729692 
.00027129430330 
-.00197897942961 
.00078821267051 
.00220556449784 
.00032791063269 
-.00102042313428 
-.00060251210519 
.00093526808487 
.00113103762520 
.00 039422077252 
-.00012140693331 
.00263555011017 
-.00205721102556 
-.00111090223656 
-.00022907127227 
.00068377009259 
-.00141616583363 
.00088252217921 
-.00133777277419 
.00000679313089 
.00110796162419 
-.00108945023341 
.00053420669968 
-.00073519493419 
.00076914819030 
,00034220957416 
.00267185821744 
.00068787124648 
-.00104708111482 
.00108159776259 


-.00137604579362 
-.OJ 106820740954 
-.00152652937322 
-.00041 135604667 
.00 063 302 7726 16 
.0J032673999U9 
-.00109065349067 
-.00015334360387 
-.00033529190638 
.00332631657652 
.00014904442989 
,00005210075252 
-.00063078333401 
.00 11 2980593222 
.00055719999644 
.00044309834631 
.00035850031856 
.00023617099678 
-.COOOl 1 363 14 73 1 
.00015423714795 
-.00030241624305 
.00050014779262 
-.00098304056700 
.00036780678865 
-.00052072552347 
-.00053929060748 
-.00004889467691 
.00023009234974 
-.00189685563719 
,00016306799533 
.00033169404127 
. 0301 3506299023 
.0006 1632399009 
-.30033438378018 
-.00061934897313 
-.00142552067080 
,00032376074842 
,00041398599734 
-.00145827276379 
-.00056474023067 
-.00054086341 136 
.0003 2887 764 106 
-.00042339004304 
-.00009433906030 
.00002407846956 
-.00044533498222 
.00124600773629 
.00070257617959 
.00065733180579 
-.00070039396784 


-1.93973934803 
-.51902522038 
-1^23443024683 
.31026602097 
-.09645909229 
-.23219940203 
-.30180136264 
-.28262201266 
-.46092811747 
1.56617363530 
-04771B02205 
,47337561533 
-.00254384714 
1.06339 177911 
-.25219212245 
-1.39975384696 
.31308710462 
-.25102082951 
-.73149702787 
, 39473291649 
-.15605865170 
. .73028691742 
-.37574511565 
-.67236056638 
-.19540951857 
.47282191714 
.38005557740 
^.38750900756 
-.57691902272 
-.55295007537 
.03653068244 
-1.30064834003 
,79072892909 
.49992217549 
.07870756106 
-.29041942404 
; .66429695723 
37787145175 
■ .55339078152 
-.05970775448 
-.46471477054 
.62357923943 
-. 39447983846 
.42892530323 
33495675464 
-.17982942819 
- 1,01 142544329 
-.21363394442 
,32979058280 
-.50353C48545 
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GROUP OF MINOR PLANETS 



NUM 

0£L ARGPER 

DEL NODE 

DEL INCL 


1 

3.149009833862 

-.282769261959 

-.005569019590 


2 

-.287326290767 

-.015311532925 

-.025910663595 


3 

-.181525070522 

-.053029297153 

.005682690221 


4 

- 809995350299 

-. 059203992997 

-,OOU 39095013 


5 

-.151590699993 

-.C06800990122 

,000807019039 


6 

.201393921565 

-.016653608090 

,0002667 J2967 


7 

. 129529502695 

-.066J7729U172 

-.005393998320 


8 

197199131292 

-.019171925978 

-.001992793623 


9 

-.412793217981 

-.063365026296 

,0006 78910680 


iO 

-1.969259609953 

-.195533361868 

-.006791599093 


il 

-.629666980872 

-.010028378012 

-.000786305630 


12 

. 135659595069 

-.098212559258 

,009339907202 


13 

1.651636235110 

1672 73639 779 

.002958276512 


14 

-.3981 19135060 

-.033770716516 

-.002680 H72989 


15 

.169803527252 

-.030839955851 

.000696 U8582 


16 

-1.042399732148 

-.0 19956221 378 

.000992999758 


17 

-.503097929968 

-.0112161218/^ 

-.000£>92809909 


18 

143176197529 

-.000752623168 

-.000260139298 


19 

-.305575835990 

-.077995120112 

.001960910979 


20 

-.373280855576 

-.093621911635 

.OC066C977312 


21 

-.186595917261 

-.025526 777285 

-.001261319811 


22 

-.5591696 75906 

-.029015331939 

.002721701393 


23 

-. 119265980862 

-. 127730123266 

-.000380093036 


24 

-.997751278903 

.012668902018 

-.000263556070 

d 

25 

.08 9606779998 

-.03588990291 1 

-.001227597539 


26 

-559979932799 

-.020331828335 

-.000036527691 


27 

-.900915537389 

-.011352787515 

-.000118019361 


28 

-.336379087019 

-.017390936956 

.000690775956 


29 

-.070020205969 

-.093980896907 

.002068261 191 


30 

-.930697557273 

-.050617037997 

-.001898929137 


31 

-.159592973489 

-.019693171191 

.005239866797 


32 

1.998287835984 

-.182985805315 

*013423312979 


33 

.104356755342 

-.010569093966 

.000066768835 


34 

-.359950999929 

-.010695899103 

. 001068695250 


35 

-.033969837621 

-.026337C5C527 

.000366806505 


36 

.070961053067 

1 102 99805 359 

,009766967699 


3? 

-.995216022906 

.003895969262 

-.OC09512C2920 


33 

-.218259370978 

-.029571911699 

.000776833609 


39 

. 133990897217 

-.052985768820 

.009870723259 


40 

- 116920969890 

-.022299663676 

-.001572917987 


41 

-.172889939695 

-.015231725018 

-.002016091696 


42 

•0921 30961398 

-.097637618089 

.002058381977 


43 

.219255169011 

-.026097862392 

-.000797966766 


44 

-.925066719815 

-.017159850555 

-.001296206666 


45 

1.826091193330 

-.083999123205 

-.008921380302 


46 

-.2032 11093220 

-.050079737939 

.001509695512 


47 

-.788993628088 

-.027301087689 

-.000915983281 


48 

.671469569866 

-.019397908473 

.001220990665 


49 

.107407932861 

-.055397093119 

.000836077 737 


50 

-.024164823684 

-.061572031871 

.001329029830 


OSCULATION IS JULIAN DATE 2AA2300,5 


6 


DEL MO DEL A DEL E DtL MOM 


-3.06 , 000 3 79 79 8 70 3 - 

.166303216076 .005 L09S992 A 27 5 - 

. 136107989883 . 00 2333 79 89 1 198 - 

-.899919323136 ,00127695229796 - 

.189999980167 -.00091875713785 
-.206778775268 -.00038265939927 
-.2016736/1565 . 000 8 1 7 9o 1 9 7590 - 

.211798159932 , 00 029 5 090 1 0 2 19 - 

.939955500260 -.00005601969968 - 
1.593979730916 -.00678869937960 
.620396959970 .00037077630865 - 

-.170967721599 -,00022609879785 
-1,5739315678:5 . 000 160 18 08 2 2 3 9 - 

.993660299795 -.00192738521995 
-.183369016997 -.00039779367152 
.996283013591 .00071315925923 - 

.529525708961 -.00009677369619 
.162218869173 .00015029959618 - 

.393983955273 ,00019509929890 - 

-A1931 185 7997 .0009 58 9 780 76 3 8 - 

.168797799755 ,00111093831595 - 

.698592178772 -.00052151586800 
.11895099/883 .00913108981269 - 

. 39 399 3110691 .00291336019299 

-.086991557829 .00099515193965 - 

-.596736056999 ,00018966397659 - 

.352997778539 .00067839211697 - 

.326206625976 -.00019957595095 
.017619865577 .00075729086807 - 

.999808755532 -.00021658871329 - 
.139391150886 -.00197231361979 
-1.927203985729 -.00081870333365 
-.081399096935 -.00100265893201 
.398296001596 -.00095230886209 - 
.099785301136 -.00117811813159 - 
-.080735 153297 . 00 L 7 50 02 9 80 5 - 

.966797370197 . 000 58C 13573378 

-213291998252 -.00016506356599 
-.176191099300 -.00018235737883 - 
-.191061595626 . 0003 75 12 738990 - 

. 189528233091 .00200019789610 - 

-.096591279622 -.00095691271979 
-.213952155689 , 00052 1 5825 3 8 07 - 

,911911799052 .00120795266189 - 

-1.975573139980 .00176966836103 

.213600137977 ,00112268997596 - 

.781389791589 -.00113308959517 
-.658076397193 . 00 1785 85 31 86 59 

-.092517239373 -.00236236737978 
.009859962002 .00209669298795 - 


,00109226196359 -.15378519331 

.03276993630882 -2. 12738890627 

,00175530755868 -1.06716807892 

.00012756612695 -.79219559112 

,00083299508189 .20892311995 

.00050J11267009 ,22225933991 

,30099325856313 -.99976620617 

,00039555131725 -,UU1 179010 

.00118032352151 .03391989313 

.00395995805612 2.05585392262 

.00016191393683 -.20997978379 

,03060500232683 ,19572555011 

.00093116289933 -.08001526105 

.00128811752505 .70569196951 

.00082585039299 .18655298538. 

,00095191573698 -.25980907356 

.00068899713999 .02598385229 

.00003955952915 -.10011866162 

.0JO502255O5917 -.11190601791 

.00007795909023 -.27106991239 

.00069962507857 -.63877803797 

.03C7520991C098 .19233080339 

.00255991525062 -1.96618029067 

,00063799167679 -.83788008991 

.00078090699310 -.29509698855 

.00071815389291 -.03783216624 

,00062393989295 -.92762779935 

.00050851917521 .08065933673 

.00212876990392 -.38639911756 

.00036959836108 .13900836539 

.00082599912092 .99329812991 

.00196993992199 .90970593728 

.00096975525193 .38521383716 

.00072992203690 .20398319470 

.00089333966005 .90995510276 

.00133508639768 -.79293951992 

.O0C38182622382 - . 2 7 1 8 79C0 3 75 

,00079299766217 .07070991020 

.00169523599659 *07607687035 

.00095693193072 -.25802103180 

.00056180797986 -.83858799732 

.00077536012679 .59739399037 

.00096762938293 -.38516090972 

.00076118028869 -.70903332221 

-00131022399699 76819520963 

.00067369368186 -.58979011962 

.00 130056415381 .92963579382 

.00106306605529 -.55991176600 

.00100701518877 i 79995054960 

.00081036049015 -.97561087837 
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nu'^tlP rp MTKj-io Pt^-“ 4 ^TS 


TSJ'ULATTCN !« JULTA^.' ^fTc 2^^^3200,3 


6 


*4UH OFL iccpp-j 


n = L 


3FL ’NTL D^L *^0 


r><=i 


DEL 


0!FL KDf‘ 


1 

3.32101533974* 

2P4*«6067*f 8 

?. 

179982190981 

-, 04 398594*964 

3 

0*82844170''9 

-. 05**130 5’'*6* 

4 

1.122754159442 

1044 164 30997 

5 

199846702944 

-.009539263629 

6 

. 23653456~P‘»8 

-.030335713334 

7 

^ 708726531531 

-.058731524005 

S 

1077675833*5 

-. 030565 30*56* 

9 

279037157157 

-.065533*67281 

10 

-1. 603615998483 

-. 20032270811 1 

11 

-.69'»024320n38 

-.0l*945a'^682* 

12 

003939976588 

-.04651*884073 

13 

1. 761 710579056 

168 5"6067paS 

14 

-.4664 79778228 

-.03.3 78 )fl9 1 172 

15 

. 229083003087 

-, 0336246324"* 0 

16 

-1.0432''83l5348 

-.022673165044 

17 

-.610066805155 

-.019954520216 

18 

-.088208203644 

-.011103861165 

19 

-.200947133198 

-.085065868305 

20 

-.551018273040 

-. 032'' 36*^40512 

21 

184884883592 

-.028696.336165 

22 

-1. 346369761530 

0435<?83 29876 

23 

-.031528412*68 

-.13870015**03 

24 

526231589582 

-.0*5687778023 

25 

.125660438520 

-.0360565*6386 

26 

1.819731366279 

-.026950913092 

27 

342133959268 

-.012784008555 

28 

3"'320*403446 

“.018'’ = 306028fl 

29 

• 194988291 794 

04 74797 79079 

30 

-.3042*0590586 

-. 0648318*7551 

31 

-.093778569806 

-.022514391603 

32 

2. 038669673*^99 

183970241*20 

33 

-,002U7''9Ol37 

-.067625237180 

34 

798336042360 

-.047777473234 

35 

-.083054791921 

-, 028587i6"7i^9 

36 

. . 131471071476 

1236137 12294 

37 

-.583 109047806 

-.028932076642 

38 

1981508333*9 

-.02236*427556 

39 

. 215927260371 

-.065605486190 

40 

.482098218843 

022612049223 

41 

-.229582438165 

-.022097880163 

42 

066001 58771 5 

-.0490*03 75687 

43 

. 40*518 I40"6l 

0*»«0644t4222 

44 

-.394992591409 

-.050101912771 

45 

2. 305444258804 

15 7484190331 

46 

178895377 147 

-.05285*^18*398 

47 

9246 71662662 

-.035796329077 

48 

.90"815"2l^4l 

028241* 56326 

49 

.225314273102 

-.054977647738 

50 

.012700227640 

-. 067512657180 


-»00533331A276 
-.0368061780^8 
. 002«'5'31 563" 
.00^09930??9<t 
.00l856<t^6028 
- , 000293265738 
■'.00'V 15291 1533 
-.001862301329 
. 00 06^629939 I 
-.037243080277 
-.001139262398 
.005871756609 
. 001 O68130042 
-.001640625881 
.001 650 i 04 768 
. 000496622'>3 8 
-.000975804965 
-.002120696744 
.OCU 605333771 
. 001604061230 
-.001162260816 
.008453704854 
.003488761436 
-.000598682727 
OOL 553 602262 
-.004979469720 
-.000077276659 
.002066661344 
.000720261931 
-, 00239326»132 
.005318548335 
.013446159960 
-.003843043020 
-.004577329188 
002833^76204 
. 004 754602953 
-.002281R89542 
. 002234628308 
.008154402697 
-.001219173283 
-.00 I 392366984 
,003121876643 
, 0036361 03461 
-.001032566002 
-.007239304984 
. 00 1 396446279 
-.000902566670 
. 000442 122014 
.001809389992 
.000965716254 


-3. 203767533 790 
.1101 12578426 
.01 34 20 130 124 

-1. 107325454468 
.272? 1 7097846 
-. 2 328 08 IQ4 025 
-.283354490661 
,0= 5»4l 42 3'^ 14 
. 3014 16593891 
1. 7527 84839361 
. 661221580325 
.039993468981 

-1. "20=267^,53)0 

. 5 7^10 26989 1 49 
-.215! 5298 7 1 { ■' 
1,031920167716 
.606479762751 
.078983202389 
. 2656 574 79038 
.5209l"5950'^" 
. 1 394 37 771 220 
1.2856 89436 743 
.064326590882 
.471554263047 
-.10213=585084 

-2,057353663095 
. 3400 3a 468 185 
,405496375701 
-.279914293027 
.361402354023 
. 107300742991 

-1.940272963006 
. 100373324325 
.712059830443 
.13328LIC5300 
- . 1 79943078045 
,61 7605495067 
. 229935062864 
-. 285656023474 
-.532814532438 
.262347873011 
.125281834233 
-,46T536951"17 
.40?33?386c*68 

-2.29924P05 05^4 
. 152419894830 
.973779 105425 
-.921483482227 
-. 180255394323 
-.069520878169 


.0005 1 2 30444 183 
,00 3 58^463 08 1 82 
.00 31'=3 393 80 849 
-.00061 513815550 
-.00130107212873 
.00032295722326 
,900 181 8 75 18 445 
.0C053oi3l25"63 
,00049187930131 
-.00605028505 144 
.000967 19552346 
-.0014851 9079950 
,000?3='53'>94645 
00227819791 093 

-,0n046T>64Hi 2\Z 

.00072 I 6 1 3 Ji 50/ 
.00049387590522 
.00068203504780 
.00096691951684 
.00007292557261 
.00117208931 093 
.OOOR76021 79376 
.00213568466295 
.00219890687870 
.00021 581976858 
.00265484034061 
.00010600304648 
-.00091 7636S4122 
.00154549807179 
.0004«56653<=490 
-.01=294899819210 
-.00066388079546 
-.00328641904908 
.00297904035897 
-.00003409820562 
. 00202823392256 
-.00064443024941 
-.00097251433396 
,00027093635688 
-.0003044n=374l4 
.00097399263041 
-.00175461670673 
.00042684216630 
.00015003502599 
-.00173527633360 
,00171641274397 
-.001517 31906145 
,001"C379049732 
-.00381792280135 
,00253017488974 


-.00087111 509264 
0031 9370289-^07 
00 1-8 334781 35 CP 
.00094344601298 
.00119538110238 
.0008 342483099 7 
00090131891356 
-.0005124C515190 
-.00123037313373 
.00413627720705 
-.00043962670750 
, 00101677977371 
-.000195406*2573 
,00139626548909 
.00L0131522R051 
-.00373925137537 
. 00064743 322003 
-.00028637799724 
-. 00072673642569 

-.000"434P337c43 

-.00089355 105047 
.000e4518PP0176 
-.00327586515600 
. 00093857398616 
-.000*1521274078 
-. 0010484 0 6'998 7 9 
-.000*3208066*68 
.00085459590040 
002208158*5133 
-,00058426042040- 
.00133181257132 
.00l‘^41204"4052 
,0010950643 151 1 
00213473519283 
-.00152302683^03 
-.00140203728381 
-.0001 71«’9740037 
.00116667500307 
-.00191133442519 
-.00104083593564 
-.00070155036211 
.00084844023245 
.0004 7018363901 
-.00149586117373 
,00261161455509 
-.00099451186912 
. 00127098190061 
.00122224341308 
.00105176928296 
-.00108699210525 


-.21417159313 
-I .4,9538355333 
-1.45964472263 
.38197750297 
. 6493968^^600 
18751024854 
-.11005014401 
-.39876972688 
-.29777266535 
1. 83442971 I *76 
-.5:4626041074 
.94948350972 
36881999073 
1 , I 2679196713' 
. 22024371722 
-.26288283032 
-.27426422949 
-,4;543569ia00 
-.55205600129 
-.04312503819 
-.67391808107 
-.32287577901 
-1.04123455016 
-.67033273499 
-. 1,2861948974 
-1.22R01773296 
-,06683989*93 
,38052121103 
-.78816698995 
-.30038073253 
.88833202707 
. 3:3804165044 
1,26387785296 
-1.33806401367 
.01171499158 
-.86093074623 
. 3:0217987336 
.41675603406 
-.1:1300761678 
.2:0*51312598 
- .40854861007 
1,00464949322 
-.3:1521673403 
-.0:8749475763 
.75656640024 
-.90135311638 
. 57542348630 
-.55737632354 
1.20384583854 
-1. 17-'10158827 
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0 

1 

Oi 


NUM DEL fiRnPER 

1 

2 -.112310002<»09 

3 -.0358^7950308 

4 1.088575915699 

5 -.308967182271 

6 -077609106983 

7 .268366561937 

8 -.021806867881 

9 -.172096995656 

10 -1. 7107R65R2356 

11 -.735309919681 

12 --066553225832 

13 1.865339106232 

16 -.56ll6'’T65001 

15 .051817022311 

16 -1.067109796588 

17 -,721162685683 

18 -.067100726061 

19 1567892-:3609 

20 -.656619750068 

21 -.168336605589 

22 -1.696516283288 

23 .062109269009 

26 -.50059-^133112 

25 .371736033196 

26 2.662833106009 

27 -.251665561561 

28 -.596863122032 

29 .603607875789 

33 -.236795081153 

31 -.029820689138 

32 2,032355957290 

33 -.053699067676 

36 -.567659 U0203 

35 -.212521966720 

36 .189290756793 

37 -.519363061628 

38 -.392016336031 

39 .301196363077 

40 -876592595002 

61 -.289602655072 

62 -.131205656718 

63 .629736620599 

66 -.280796623579 

65 2.315853175125 

66 -.168368019027 

6-' -1,055335062669 

68 1.259712453066 

69 .281363793013 

50 .065675975807 


;;er(jo pp nSCOLATIPN IS JULIAM DATE 2463600.5 


nPL NOO? 

-.2«530O626531 
-.0^9^^61215298 
0Ji09J*y76559fl 
105510920199 
-.0I7979P36051 
0508''1208063 
068664122016 
030690566388 
-.06660967*^022 
20 7696665 I 90 
02 19 ’1? 09 ''66 
-.0671 71933671 
178936311978 
-,03387U362*'5 
-.052187538686 
-. 029982609036 
- .019 ,6369064 

020997928822 
-,O°1689166860 
-.034696486072 
-. 029235562121 
-.0509728 1856 I 
-. 138168561951 
C29192877202 
-.11 0073072010 
-.078507862298 
-.012677683946 
-.069663679014 
-.064175616542 
-.075839767977 
027896218828 
187629380900 
-.0890122 1 7568 
109833630288 
190272130097 
166697639706 
-.031027290650 
-.035532278333 
076886.6 59265 
-.026715682887 
0223061 53620 
- . 950697(^ 11360 
-.077256620992 
-.066108895138 

160068219908 

-.063181165162 

0363089C6760 

-.065165935306 

-.063968765697 

-.080721522758 


9EL 'Nru 

003605201066 

-.060796665197 

.002095767776 

.006222907201 

,001003668965 

. 006312056109 
-.006366013671 
-.001 636861 196 
.000156169065 
-.00 7275633301 
-. 030658366568 
.005669056215 
,00 0832856076 
-. 001616569 791 
.00761 736013S 
.000080239076 
-.000633877792 
-.001161085012 
.00\652071''67 
.001596310039 
001 193667335 
,007561570730 
,002800690061 
-.000562028601 
-.025163165080 
007190693299 
-.000101712066 
,001786603305 
. 003834465060 
-.002121682352 
.007621081055 
.012820157504 
-.000571891233 
006706958923 
-.010353989295 
. 006630756385 
-.002778653608 
.002936766596 
,009581052506 
-.001219990726 
-.000036239629 
. C03031P15295 
.003982856503 
00106861 9939 
007201066980 
.001650819638 
-.001740929863 
.001118460340 
.002160994269 
,001013030996 


OE 

L 

MO 

-3.6220 

■'6 

300154 

. 06 -lO 

99 

237085 

-.06 n 

76 

668756 

-1. 0553 

98 

•019666 

.3991 

11 

101699 

-.0361 

89 

067630 

-.3163 

62 

398386 

,0238 

36 

992800 

,1601 

06 

702679 

1.8623 

65 

763036 

.7020 

51 

99^675 

. 1060 

23 

732079 

-1.8233 

52 

557811 

. 6886 

69006335 

-.1091 

21 

9161 79 

1.0303 

17 

003277 

. 7333 

15 

300006 

.0370 

67 

009187 

. I9 60 

91 

09 1666 

,6ZBl 

71 

713542 

- 1 305 

69 

'375029 

1. 7141 

73 

907036 


-.035301766185 
,6''666619o839 
-.622610216190 
-2.787827681550 
.211867259928 
,629377301379 
-.495893317853 
.275916956307 
.08 31 16386503 
-1,965085952366 
.224203667586 
,567515610866 
.293567160559 
-.239736625297 
.561216637226 
.601287509876 
-,3'’0261618309 
-.991698066161 
,366620177612 
.190289736560 
-.6292 19170233 
.280307281155 
-2.286536580693 
.121991563605 
1. 104696636632 
-1.2681 39234879 
-.2603175650M 
-.104523996080 


OEL A 

,00139560835816 
,0067i..Ji00330815 
. 003 394 3 3 ■'0 

-.0006 1966296 1 50 
-.00039506566703 
-,00090316l53O‘'9 
,00060802969366 
,00001932609179 
.00071379612304 
-.00671526715596 
.0003671 3~535a5 
-.00L0667L126608 
.0001 7^ 78676 868 
-.00203196825062 
-.00063923554576 
.00 1:'3Q720292R6 
-.00023974259646 
.00031568156323 
.00105121926295 
.00067166060876 
.00071665959016 
-.00 1 5128690 7 706 
.00301639617299 
.00088073128926 
.00158808758270 

-. 00061 P 02 OO 8 no 

-00062831601792 
.00105612076327 
,00136665691753 
.00069781776025 
--00351P96876732 
--O00U663399695 
-.00609716903400 
,0006917991 1528 
.00376765666102 
.00163832086652 
-.00016979610535 
.00106506724616 
-.00038320696626 
.000891 5231 8706 
.00063701234856 
-.00119306360868 
-.00022851221867 
.00076925020605 
-.00168090215696 
.00123006199769 
-.00069660231593 
.00086532838676 
-.001005e''763990 
,00204869194289 


OFL E 

-.00063723369157 
-.00H 765365972 0 
-.0020156676126'' 
..)011767801-7037 
. 00136020070677 
, 00102R7>66 10921 
-,nv1066a6?46656 8 
-.00061149635007 
-.00132967879909 
,00667556096761 
-.00070538626086 
. 0010661 7265753 
. 003077822961 70 
.00162253617296 
.00159855395385 
-.00113955085360 
,00051656352316 
0004 79616 3182 0 
-.00096637 760183 
-.00085150652651 
-.001 10966732239 
.00033675299618 
00319336620673 
.00162226669058 
-.000675001 16193 
-.00039760556367 
-.00101961636363 
. 001 12366668225 
-.00228680022739 
-. 000781 76683971 
.00156717304622 
.00201541969076 
.00121715248921 
-,00309622204670 
-.00279667095925 
-.00153505602650 
-.00039616633026 
.00161617026355 
-.00217019827583 
-.00065860661676 
0007385676*'466 
.00075908604762 
- 00091960933669 
-.00151086368300 
-00287008567280 
-.00126463056883 
-00116667680075 
.00136858705829 
-00179804170916 
-.00131400999359 


6 


DEL MDM 

-.58326633761 
-1.76713269266 
-1,55374570900 
.26044362564 
, 1 9709090199 
,52671063670 
-.36792007794 
-.0142QPP0856 
-.43206588662 
1,42676604060 
-.20761827395 
.66772706537 
0P7PQP23864 
1.60106075303 
.20601676506 
-.63350242622 
. 13319547805 
21020083261 
-.60016045781 
-.27685020414 
-.41100544255 
.56554806533 
-1.43545695545 
-.26863028245 
-.9457575634 I 
. 2?''l4484535 
-.39607133268 
-.63755800744 
-.68672761381 
-.30789491052 
I, 060266011 04 
.05753923797 
1.57622391514 
-.22115173010 
-1.29238620703 
-.69554637050 
.07022353970 
-.46743555792 
. i 5908207724 
-.61303511097 
-, 1 8335268837 
.68292157961 
.16881569645 
-.43670057765 
.64556583950 
-. 646X0745575 
.26408313943 
-.26276499241 
.31680779366 
-.95322684776 


LMSC-D420943 



GPCUP rr PLCNPTS 


nS<‘iJLATTOM JULUN nCTC 


2A <V^000, 5 


6 


Oft APr,pcp 


OF', MCOF 


■TFL I'/CL 


n = L *^3 


DFt 


1 3- 6451597241P9 " . ?9 3 1 ft ? 3 T3 7 

2 -• 0362 096905 3 7 -* 0662713 B'3fl76 

3 .01356AU7075 - . Op R ?0 1 2 I I H 85 

4 • 990206800179 -,107231590900 

5 -.464144754 80 2 -. 029 6 57.6 2 8 391 

6 .012897343408 09 2 I 493 4 55 6 0 

7 .1203502 54 278 -.09 1 8 544 99 049 

8 -.019665262174 -.033313754066 

9 -.037 525381 089 07 3 987. 5 78 I 4 

ID -1.''42216508-759 -.20 9 207,9 3 3 574 

11 -.568363137769 - . 07 3 ? > 79 86 090 

12 -. 114949549385 -. 05 3 006 544 62 

11 2.025751210480 -. 184 30 OO 38272 

14 -.775201772620 -.035025871618 

15 -.098093249489 05 35 1 69 4 ''‘'33 

16 -1.155821722929 -.041040499080 

17 -.766922861847 -.021320874715 

18 .059625254653 -.030596538749 

19 '>08858019531 -. 099 7098 41263 

20 -.344314035616 -.060929679075 

21 . 278378858820 -.0545018 72160 

22 -1.709785335632 -.048638155331 

23 .115377799313 -.149049007050 

24 -.36109742012? -.037020378480 

O 25 ,543216400616 - , 196 o 160 34 1 54 , 

26 2,733703314692 -.080737772889 

27 -.169029351586 -.013977056798 

28 -.046423635689 -.056501446878 

29 .620747919274 -.065354033497 

30 -.153783049373 -.075966^59265 

31 -. 038206056834 -.057157938598 

32 1.993190895602 -. 202 2 9Q6 44 538 

33 -.09221 U'^8453 -.0805/4126925 

34 -.376404763043 -.115745296294 

35 -. 342966373752 22 8 8 ”^66 36709 

36 ,229792442995 -.143286725431 

37 -.402364107054 -.043323743586 

30 -.654857485886 -.039347352515 

39 .366915211707 -.076613487825 

40 .493985880548 -. 030 5 358 99 35“^ 

41 -.362659ft 1692 3 -.034276543218 

42 -.183461634242 -.053194306125 

43 .372794636579 - , 080 3 lo? CO 14 1 

44. -. 190201089557 06 ft 94 1 7 4 8 38 8 

45 2.311201210305 -.167102000008 

46 -.010648559088 -.078269854090 

47 -1.186250562350 -.046151942432 

48 1.660150730535 -.047004059375 

49 ^.013680692962 -.091482085303 

50 .138242170317 -.096745020105 


-.006787083579 -3.588?06 9 54^?9 ,O012=^^155'*3 593 -.00 0 45844033475 -.52413067740 

-.03308^6369^6 -. 05°5 43 2^ 6 1 52 ♦ 004 “9 6 9^5 j c>2 4 -. 0033 163533472 8 ' - 2 . 0 3 « F 906 8 9- 8 

. 00 42045995 82 I 034 70 25 4 6 Of . OO 2 6 3° 2 1? / 2 20 6 - . 002 2 1 1 71 R 3 07 8 9 - 1 . 2 ?9 4 0 2 82 7 49 

.004005587440 -.932367623650 -.00033398265845 ,00133845335707 .20735972197 

. 00)5U4‘’2fl‘’3 . 521 F66 565 8 10 -.000841 37536307 . 00 1 0 $7 ..O 6602 9 3 .41905888595 

.006284292597 ,055591 34601ft - . 000,7 1 2 R 54 »■ 06 3 1 .000942969692 19 .41410725391 

-. 00541 2620 3ft R - . I 5 9? 2 I 0 1 0 - .000 4 5 2 2 46 3 7 BO 0 - . 030 34 730 1 2 22 64 , 2^373 0?l 599 

-. 00 186 2738116 -.0430 7 0 59 1051 ,000 47311432190 -.000 08 330605629 -.34995 36^^35 

,000150444 180 ,045 141503397 .00 0050 5 5 885 599 - , 00 1 4 2F 5 0 5 P 66 5 0 - . 0 305 1 72 Q6 

- , 00 7ft I 026 5 1 1 3 1.83 76 26 77 174 3 -.004 101559 77,81 3 .004 77.03 /98 87 17 1 . 2 6500935 902 

- .000 5? 1 89 8 11 7> . 5 47>3 76 46 I 2 I 3 . On l 0 ".ft ft 29 1 5 97, 9 -.00101186364241 -.59^74426354 

. 00 5415151556 .L460 40“'244 59 -.00119245186465 , 00100523784107 .762215 77529 

.002477536417 -1,948420 1 70604 -. 0004466 87 2 94 7 .00027.047996902 .22319976201 

-.004176006169 .R926O14O9490 -.0012224a6'^1655 .00155765510875 .60433101450 

, 00745820^053 . 106 7 39 707 066 - , 00 I 5 7 5 1>55 76 76 8 .00 17 53206 6 782 9 .73942774178 

.00 0 1863 39 074 I , 1 1 36 7 B 294 I 8 7 . 00 2 74B 5 26 7 1 32 5 00 1 4 2 3 42 1 9826 7 - 1 - 0004 1 823996 

-. 000316292392 .“'95“'460906 30 .000 399 2 960 9 8 86 . 00 0 1 0*^0566924 7 -.22n6843109 

,00'178U051719 -.090452169665 .00120994618990 0002 3 7 4? 6 1 893 6~ ■ -.80500329788 

.001592486009 .158055520755 .00047978973747 -.00113008738017 -.27400092391 

. 00 I 51 522 0690 . 3057 34 716421 . OOOO 352 4 3 1 502 0 -.0010 1091612620 -.49373456476 

-.00 3583 5 845 1 7 -.4082 05 221436 .002814 44 3 75 659 -.001 132 30 17 2336 -1.61686265385 

.006271378345 1.737702024544 -.00009249535644 ,00001255541890 • . 32919750941 

.000904815276 -.138113727473 .00329077511476 -.00321407730411 -1.56686275979 

-.003507765475 .367247129503 -.00044523699574 .00170128333725 .13507260550 

-. 01 9 66 ■^9“' 3 “^8 2 -.4 721 87“’68832 -.000 L 106054 95 34 .0003 1952 35 18 18 .06592741963 

-.007398188257 -2.045109642109 -.00017943166765 -.00014703138993 .08310830662 

-.000125152699 .117448407229 .00024606110559 -.00109477174708 -.15514151354 

. 006480 21 7790 . 85 94 00 373753 0002 08 5 15 4 05 08 .000 703904826 I 3 .0 864 38 5831 8 

,001571556886 - . 68 60 909C45 17 ,00060057469671 -.00242767692500 -.30642029978 

-.002115080402 .218050745511 ,00010930707512 -.00091615036127 -.06700054603 

.00 3059682104 ,082964348530 -.00160580877697 , 00 2 06 5 06 90 7 1 7 3 ' -49,852661198 

.013394420184 - 1 . 9 1 60 529 1 0368 -.00 0 7? 9 2 57,082“' 5 . 00 23 21 02 20 C62 7 . 35998021635 

-.000 64 2118271 . 299122116077 -.003917 9 <V558293 ,00 1 3 36 4^ 3 3 64-:, 0 1.50 712545652 

- ,00 5 10002 7690 ,30 20 56 2114 50 ,00 11 34 5 44 80 50 4 -.00 3123 48 6233 84 -.510028 5936 2 

-. 005101412400 .3683 50865865 ,005746215^3 132 - . 004 1 0° 1 6 7 392 74 -1.96944958910 

.006358557070 -.254381 159213 . 00 I 059 5 1 4 ? 8 1 69 -.0016541 1 1 70408 -.44903335673 

-.00310523322 9 ,4999 61060872 .0006821 5636075 -, 00076" T"* I 673 10 - . 3 I °ft69395° 0 

,003344798607 .669741563608 -.00066564429546 .00127424689855 .28521174263 

.010256551929 -.404604279690 -.00090110602144 -.00240511418412 .3 760 5046618 

OO150’2126O5 -.558305053601 -.00029138366527 , OOOOC 3 L 0 74 91 1 1 ,20049369732 

-.001293636308 .476788294400 ,00122114365789 -.00091900903752 -.51216073962 

.002569997413 .221449766752 -.00113750361 191 . 000 700F 3 54 40 50 .65110005016 

,003733813768 -. 39 55 9263 0401 -.00000804999868 .0010 20 754 1 72 5 2 ,00594553435 

-.000739006049 .15779652807? .00090445064023 -.00157354010158 -.52722559212 

006 85 *5002 089 -2 , 31 2 ? 60408 2 3 0 -.00072488900731 . 00 3 1 72« 8 4 0 I 38 I . 3 1 5 999 C45 1 8 

.001497823340 .011996916146 .00178465495813 -.00132495111237 -.93715803597 

-.002037202454 1.210366179095 ,00024464987440 .00124800522473 -.09270926872 

.002653425090 -1.644274320413 -.00054720962352 .00124337228761 .17019174985 

,000284576278 -.042307467938 -.00342021321666 .00301356119936 1 . 0 7826908 796 

.001270826345 175441 569103 .00281153184701 -.00125357410876 -1.30782256531 


LMSC-D420943 



r, 30110 pf MtNOR 


MIJM 

DEL Aor.prD 

9EL ^’F'OP 

DEL INFL 

1 

3.9029109133R9 

3030206 1 2071 

-.CQ56B335? 107 

2 

.DIP 3 1 I9‘'fl972 

-, 0‘'0396609095 

-.039216625561 

3 

.112398990699 

-.092669525930 

.005595619933 

9 

0 850302328072 

11099<‘75U99 

. OO929O3609«9 

5 

-.905793339893 

-.030019290303 

,003903159079 

6 

058097351933 

-.052905590998 

.005983679766 


.06321106359? 

-.O°37037952^7 

-.005799020309 

8 

121271936925 

-.039668516610 

-.002099999101 

9 

.091309126356 

100629565693 

-.000729812965 

10 

-1.805619599290 

226902125223 

-.007891363128 

11 

. 0330609 06630 

-.039758617595 

-.002093678092 

12 

-.131009906156 

-.060382006039 

.00^803938835 

13 

1.093315582300 

-.219316760013 

.003035706265 

19 

835369996369 

-.050015789159 

-.005859059379 

15 

187325967990 

-.O5O97t7O3970 

.006999835539 

16 

-1.218920001605 

-.091257512859 

.000971905992 

17 

70730016597-^ 

-. 020590996722 

002202657197 

la 

.096399810353 

-.03fl23B269608 

.003966078712 

19 

. 298779526572 

2066 76990302 

.002820089721 

73 

-. 727 125052631 

-,060<>S579378l 

,001816915263 

21 

.699325673916 

-.119726307787 

-.009199361932 

22 

-1.811000629235 

-.055752512668 

. 003909’'3769e 

23 

.205700012579 

163637 1 90509 

.001619997977 

29 

-.375051732091 

-.020225635129 

-.000993270191 

0 25 

,563377699901 

-.2O165=»23«3950 

-.013259300920 


2. 770959006209 

089739210116 

-.007909670929 

do 27 

-.096531009196 

-.015999908026 

0001^2255192 

28 

-.0206191 19006 

-.056299912687 

.006929298507 

29 

1. 099826398852 

-.073256995056 

.002169990998 

30 

.083331397007 

-. 109029005323 

-.009305003699 

31 

-.219502720781 

-.085995992097 

.013359509879 

32 

2.003052991299 

202322713209 

. 019101203638 

33 

-.138095750522 

-.081300919913 

-.000699969517 

39 

213956996900 

-.126036120195 

-.009991631669 

35 

-.276913007652 

-.230936999902 

-.0035^0929661 

36 

. 302613970905 

-.169793527969 

.010982727333 

37 

-.963916799568 

-.097379298990 

-. 002 c“*03O9P67 

38 

-.65331 1825121 

-.036923335003 

.002027268399 

39 

1. 063702989909 

-.085690655973 

.012390993797 

90 

, 1701S552O'^O5 

-.031P19695'»10 

-.001923692261 

91 

-.509899607719 

-.061 700801639 

,009052679516 

92 

-.202002193393 

-.055999629395 

.002293010233 

93 

.296002519080 

-.085291016095 

.003963230506 

99 

075599659990 

066906333989 

-.000606560827 

95 

2.220669909580 

166P'0"'C9P39 

-.006576907096 

96 

.997311922291 

1657971 82657 

.006637790233 

97 

-1,317506900027 

-. 0976751 00169 

-.001653856762 

90 

1.969707327089 

-.050999226579 

,002889518956 

99 

-.199997111101 

-. 159955622951 

-.000919167762 

50 

.902703099579 

166735900960 

, 00996097938® 


OSrULa^TON is JLILUN Otr^ ?'*itU^00,5 


6 


DPL MO 

-3,8l020^«76(S‘5l') 
-.I3838l^3n?32 
-.21676292<V'V83 
“.80bT<^Q2"^361 
.<169060695905 
.098307650202 
“,07^.9 79085883 
.1 177 12002993 
106O27QC4,iV20 
1.907590390897 
-.190520799119 
, 1QP931 103678 
-1,892930991950 
.97380^751759 
. 199255351311 
1.158569205328 
.695582521006 
-.082767172755 
-.189936959723 
. 208662092993 
-.709016168925 
1.817203957615 
-.219801896056 
.399199925961 
-.972313752201 
“2.907981769213 
.053977116173 
,855096582190 
“1.178227990720 
101068892907 
.310693990123 
-1.891909509269 
.331675163266 
. L917929852B6 
.357258700526 
-.9991 10902R02 
,953073983061 
.682957202631 
-1.209990376136 
-.262017866065 
,560939907369 
.277791661565 
-.279320900591 
.061700997091 

-2.2286636297 12 

-.596359997511 

1.339753380589 

-1.92996365966 

.292593719160 

-.605918232082 


OFt i. 

.00018370350171 
.00970572213293 
.0039603771 1536 
-.00093657258029 
-.00036969589196 
-.00019860122970 
-.00029797716399 
-.00016767938361 
.00 I 1257 19P3653 
-.00509025858099 
.00 16239339 1 193 
-,00i091<*3393 519 
.000R61M1B9863 
“.00217T-'Q82Q396 
-.00088959525327 
.00229522383366 
.00137130927095 
-.00019177735568 
-00191970522383 
-00011938525329 
,00079517702633 
.000l65O''822632 
.00256932292789 
.00039169398070 
.00007089690269 
,00018229508811 
.0006805^683029 
.00002082799889 
.00291 197853929 
.00091297990508 
-.00909119360659 
-.00126033307993 
-.00289276288099 
.00168599897396 
.00396919396796 
,00261750160531 
-00099393905299 
-.000 28793977896 
.00299087299959 
.00023871805739 
.00289679059070 
-.00135602160601 
-.00090510556633 
.00015272792223 
-.00191219299776 
.00283525837609 
-.00055697700886 
.00000925893225 
-.00667876517209 
,00372159682897 


DEL E 

-.00025707309289 
-.00393903059066 
-.001959065581 91 
,00152252978572 
.00089223055600 
, 000B5985559199 
-.00090071127569 
,00022810990532 
-.00099352999192 
.00511136320191 
-.00139621266659 
.00079089937609 
,00091920990389 
.00100192903073 
.00161836110173 
-.00169865978679 
-.00091092701828 
. 00073196529307 
-.00058200923097 
-.00112576209398 
-.00039976908592 
-.00033678 389127 
-.00322917177379 
.00215583987362 
.0005289659,2721 
. 00010096681990 
-.00087590980292 
o00093867606583 
-.00103252811999 
-.00025858668906 
.00201521801223 
.00261192752821 
.00196238660513 
-.00321689239379 
-.00961109399500 
-.00070282920555 
-.00100323568869 
.00098837652215 
-.00259319008072 
.00003923235983 
-.00133<96Z9055*' 
. 00097520027''79 
-00102126279905 
00162396896195 
-00397392 100299 
-.00089078070591 
.00110355205515 
.00190913211921 
.00397279110107 
.00003808389919 


OEL mDm 

--Q79O0003576 
-1.959^.3766178 
-1-80957000392 
,58167508617 
.18 >99193895 
.11533965903 
. 18039716967 
.12907923037 
-.68125622993 
1.59096650317 
-.91653950925 
.69760732313 
-.93025527189 
1.07708223930 
.91733695928 
-.03558531578 
76 129920533 
.09998802687 
-1.09550828925 
-.06769 109996 
-.92859950999 
-.061 19333876 
-1.22139332699 
10922699939 
-.09225599733 
-.08939791938 
-.92901699296 
-.00863318369 
-1.22953028280 
-.56A59097307 
1.21789839095 
,62339513395 
1-11229567959 
-.75751303255 
-1.36190913996 
-1.10906618861 
-.20782606511 
.12335150861 
-1.01709239929 
-.16920759256 
-1.19309721232 
. 77678095223 
.29930579690 
08906329896 
.61561329379 
-1.98807739160 
.21009857932 
-.00132930913 
2.10839651775 
-1.73090963963 
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Gr^CUM ‘■JH MINCP PLANE ti 


OSCULATION IS JULIAN UAT? 




6 


NUM OEL ARGP=P. DEL MODE DEL INCL DEL “^0 DEL A _ DEL E OEL 


1 

2 .OBlflf 59902‘fO 

3 . l004<»5TSqi6i 

4 .5 193943E A 137 

5 -,3T0a20l322el 

6 -.Q327<. A7 >7 157 

7 .01Ail957iEA5 

8 -.19815821490'} 

9 -.089409250442 

10 -1.745844646935 

U .118216203941 

12 -.092083051120 

11 1.47C7fc567l 136 

14 -.730300228524 

15 -.250893732195 

16 -1.299724012C09 

17 -.6421P363010U 

18 .027643566793 

19 .302448339056 

20 -.092589833679 

21 ,664702590027 

22 -1.884094221C93 

23 .260874479722 

rt 24 -.835177578309 

I 25 .519282554C03 

^ 26 2.772573656284 

27 -.241792405453 

28 -.302330276302 

29 .849836032681 

30 .113B1670U41 

31 -.325806630179 

32 1.567239976128 

33 -.175831013130 

34 -.062372293229 

35 -.182330351796 

36 .227069201 268 

37 -.412300311556 

38 -.685201784363 

39 1.761206363681 

40 -.067431361095 

41 -.477290853243 

42 -.145467508934 

43 .237040504278 

44 -.057457980402 

45 2.234063159012 

46 .712283351295 

47 -1.450780808784 

48 3.152230780775 

49 -.171156837667 

50 .527293153398 


-.109153523933 -.006053469530 -3.866316140570 .00080045557638 .00006364910994 -.33793393463 

-.070664 332907 -.0 3409 38 965 33 - . 1 8 6 1 U 3 94 7 .0038222552136 1 -.00357736364440 -I . 5922006 3444 

1026535266Q4 .0044 707 508 76 -.306372506795 -.0026381^45 1 783 -. 000^*91 791041 18 - . 20 6 I 8 1 56 8 R 8 

133815487214 . 00226 69 3 36 7 0 -.5 06 76 37 7027 0 - JO 02 8 106 5 6 5000 , 00 I 22 8 7 5 1 8 988 I -. 17444036070 

-.030665864550 , CO 29 38 0 1 56 32 . 3 9 999 20 52 56 B . 0002 1 74 8 5 2 7 7 7 .000549147221 53 -. I C 847 424394 

- . 05 5 4 I 9506920 ,00591261 1676 . 14 7964164364 - , 00 0 ' 0 40 i 4 2 7 1 90 .00066535745915 ,41 133598582 

-.103246444625 -.006290697367 -.041624099933 .0001 33664 33936 -.00045615233037 -.08038047483 

-.C42440914279 - . 00 255 7 3 53 94 2 . 1 76 360 5 8 3 26 9 . 00020278294687 , 0002 1 40 37 1 762 B -.15001753096 

- . 124 327347647 , 0012579864 35 .1 3525 1004 100 00 025256? 74645 -.00035947829656 . 15295545635 

- . 24 I 7 48 362 707 -.0068 70 3 760 44 1.980068062870 -.0063803422 1720 .00555267652315 1.91137534506 

-. 044 33090256 1 -.0021 81 722675 - . 409 0 *^4 7 64 5 36 , 00 06064J 3 39 2 3 I - . 0 0 1 2 1 60 2 8 0 764 6 -. 34255231568 

-. 1132 37575756 .007397721638 . I 25 94 72 2 I QQ4 .0002057049633^ -.00017720666434 - . 1 3 I 3B 8 30760 

- . 228664A 08 728 . C 0 90Q4 7 7 86 7 1 -1.366192167454 -.00063146346024 . 0008 32 9 5 6 2 I 602 .31 555666654 

-.064315907475 -.006922754350 ,872251766174 -.00 153831247194 .0009 3 7 0 2 1 3 63 2 1 .76057407260 

-.057137739688 .004945003165 .237548759440 -.00052022875276 .00158457428828 ,24401235773 

-.C41349230'P64 . C JC 4 793 74 7 1 2 1.270363253798 , 00 I 3H4052 34948 -. 00 1 89 160038070 -. 50406598409 

-.i)362 52<“B9019 - . 00244 82 7 1 9 7 3 ,6 02 7529 69 56 5 .00 06635526 0395 -.001 10301 1 3162 2 -.36845605819 

-.030918588269 . 0032 84’’ 449 78 - , 0 3408 54052 8 8 - . OOO 1 5 2 2 39 3 5 3 1 3 , 00 09 7 4 6 29090 7 1' . 10146461914 

-.2255S315CCB9 .005391319211 -.174296486606 .00001713302989 .00040387415848 -.00978674093 

-♦ 113491472624 . 00 25 2 20042 5 8 .069765386532 ,00123623682954 -.00066674593104 -.73061596940 

-.117535876281 -.004138387571' -.712176577701 ,00094678323352 -.00012250684819 -.54443642208 

-.C66975B64367 .004051435630 1,873590964635 . 0002 305 92 390 1 2 -. 0005 1 80326863 7 -.00501311706 

-.168972464435 .001976926199 -.256247639314 .00292314442665 -.00306305782286 -1.39206325047 

.049269828451 -.001801375411 .632490129396 ,00254628158176 .00312783536611 -.77612202028 

-.201969052118 -.015924079785 -.431436278704 000? 94Q5 5 7 1 971 ,00063646555401 .17582793942 

-.C90663826613 -.0 0 709 27 149 17 -2 . 9 0444 3 8 2 2 90 3 000 5 0 1 1 84 65 7 35 .0004371 7339287 .26924 126525 

-.023149101336 -.000138961471 , 1 9475 7 7492 97 -, 000 2 53 4 3 63 8968 -. 000 32 92 58 1 7679 . 15983414194 

-.054701627167 .005380450953 .807944876586 .00090974316792 .00006239078676 -.37693761627 

-.0804 5 269 3 761 ,0011317370 36 -.9 6008 5 364 743 ,00 05 230 23 2 739 3 -.00088 27 1573464 -.266 36 2772 37 

-.145983993060 -.004546928057 -.029710899755 -.00029616001860 .00038115125670 .18448634229 

-.C8394297C952 , 02 C95 76922 56 .4 794383 98 79 5 004'= 71 3 86 302 76 ,00202755505668 1.49874144410 

- .234593662 701 . 0 1606 30 24 I 62 - I . 498 502792 46 3 .00022917661 170 .0028573576 32 30 -.11323050 543 

-,084143655565 C 00800 9 8 32 75 .3 73 5004088 05 -.00 35 6 542 791944 ,00140721943140 I . 37 1 34 5 272 72 

-.126045839557 -.004003379099 .029515742772 . 00 U 2 26 4 8 5 166 C -. 00 3 249 363 3 6520 -.50468347223 

-.220977442948' - . 00 399 1 3 86 8 87 .236765154114 ,00507694026238 -.00459973388432 -1.74054866349 

-. 176119915606 .018444157389 - . 3272 3 34622 7 I - , 0009 8 5 1 3 04 2 85 9 . 00 10 2 56 32 200 1 8 . 40597746838 

-.046714232045 -.003034075005 .436989936740 .00015483971018 -.00116399680430 -.07257846285 

-.040016595645 .000931620520 ,6906780843.24 .00055613917904 .00063359076984 -.23815877954 

-. IO8 0 7GO91O91 .007357241567 -1.97796 83 542 9 5 .0001 155 9 5829 81 00 16 U 7 6354557 -.0432184 2 815 

-.037445550293 -.001724172894 -.007684897999 -.00020295425530 -.00002248752935 .13964099587 

-.C60972742140 .004804140462 .565732136056 ,00212466372735 -.00160475538003 -.89082649617 

-. 115670197603 - . 00 1 1 245 34B 00 . 196062303767 ,00 06 34 8440122 7 -.00060 57 64 063 3 7 -.3 9 163471921 

-.139029367063 ,002995903816 -.233713043071 ,00053325469672 ,00047679006572 -.39377705359 

- , C79 2776 I 6700 -.0014007 63156 -.0 066395566 06 ,00112501020361 -.00109147682756 - .6j55 72 03 3690 

-. 169410791688 -.006485640354 - 2 . 209 229C77394 -.00214895 48 8051 .00 3 796 5036 867 5 .93710507419 

15^296153225 .008431702296 -.7 6364 722 3 96 0 ,00066700980184 -.00013 5712 54264 -.35045 39 7860 

-.0486981 10153 -.0016 56 5 26995 1 . 5 0799 3 1 6341 0 00 1 3 766087 07 1 5 .0012415965 075 5 .52202899818 

-.064486740485 , .006034301372 -3,267408467022 .004668459718^5 ,00260351855758 -1.4,4893826721 

-. 173505826060 . COCl 9 1 1 52 I 5 7 ,34182 65 78879 -.00 74 30174127 88 .00442243719842 2 . 346 26 340129 

-.140334587253 .013453861804 -.711995706631 -.00002396128075 .00171959270375 .01116082991 
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ox-a 


GRCUP QF MINOR PLANETS 


OSCULATION IS JULIAN DATE 2AA5200,S 


6 


DEL AROPER 


DEL NODE 


DEL INCL 


DEL MC 


DEL MOM 


1 3.6178847 51037 - , 3E 50 1 01 5220 0 

2 .138544220532 - . C8 3 3 8 I D 5400 7 

3 . 13 84 74C9C796 -. 12848361369 6 

^ .574865312347 -.151257032437 

5 -.330631574347 -.039282457477 

6 .046031011051 Ca6260°5S 863 

7 ,001037962109 -.105506245345 

8 -.232315254299 -. 04 5 2 32324223 

-.209213806C43 -. 126375756539 

10 -1.669643315612 -.241094515892 

11 .33427 10 3 1054 - . C 50 3 1 5 6° 0 193 

12 .000939583369 -.138532202131 

13 1.359371854043 -.229516593830 

14 -.666953399108 -.076024304770 

15 -.310433091 890 -.060997406693 

16 -1.2193U262992 -.045 3 645 86 844 

17 -.545703299638 - , 04 5 029 I 2 7 366 

18 -. 01P165545 494 -.035567394996 

19 .255282591 319 -.226986791797 

20 -, 3C9950918318 - . C76 9 520 5 9 079 

21 .610719331224 -.120047483022 

22 -1,904393638093 -.066242298474 

23 ,133677105390 -.195691450948 

24 -1.382126675436 ,016684924958 

25 .479199232726 -.200874181031 

26 2.790249462687 -.090316401653 

27 -.321910605436 - . 02 38C 849OC80 

28 -.814934344297 -.063574969761 

29 .676895038232 -.079471470326 

30 .025438899102 -.152064019407 

31 -.403959661267 -.033160846669 

32 1.281515370611 -.232763835738 

33 -.217838564400 -.090720675110 

34 .0703729 18 C 17 -. 126614 7 3 524 3 

35 -.102902191635 -.232318200082 

36 .268611427149 -.190048673123 

37 ,028670388438 -.075679304326 

30 -.7069078623.4 -,05547621*158 

39 1.980365327387 -.120530389033 

40 -.030081656510 04 ^3 12 5 32 I 37 

41 -.404030710333 - . C6 U 3 1 6320 1 4 

42 ,014624711705 -.160457955746 

43 .323968774411 -.151965248020 

44 -.241098309477 -.097404291890 

45 1.867250639890 -.181081595769 

46 .698462432720 -.152613076800 

47 -1,616506304679 -.044874347779 

49 2.969634320096 - . 0903 1729923 3 

49 -.230350622965 -.176309170127 

50 .577725952455 -.139600013695 


.C0C297242593 
-.046952667303 
.003007579462 
,003350932273 
.002751470027 
-.002358657350 
-.005908117805 
-.002302656715 
.00 122 133 I ■'51 
-.006292427493 
-,002464728803 
.OC56408U'3O7 
. CC90568952 32 
-.006611297012 
. 006 302266549 
-«Q00133502683 
-.002830621910 
.003086016199 
. 0054533497 19 
.003585037745 
-oC039?0055325 
.005328697206 
.007425027445 
-.002974369074 
-.015637770931 
-.007103537112 
-.000136130105 
.004150255051 
.0CC817935346 
-.004900640220 
.020914427625 
.017565234407 
-.000727931557 
-.004005040444 
-.006090599751 
.017000077406 
-.006303814927 
.000673858196 
.007229044917 
-.001760844072 
.002721062963 
.002899453010 
.003664966110 
-.001040951194 
-.008405497471 
.008420422865 
-.002649252781 
.003544666016 
-.000225090126 
.013454033685 


-3.579573152110 
-.■*80919141733 
238'i255 35778 
-.510057905798 
, 35379 h 543946 
.005440192216 
-.002054332464 
o235767193B?0 
.259253126038 
1 .0375391 14164 
-.4493251 1 1993 
.076943351680 
-I, 254367778620 
, 775521057516 
.323160370105 
1.199434926584 
.400125192091 
,001726676244 
U6176344563 
.284230223400 
-.672344800416 
1.989317177035 
-, 165378690544 
1.274993146766 
-.359105935622 
-2.092852230121 
.299665710423 
.797740241342 
-,767870343097 
.047167269367 
.578077201120 
-1.166043073834 
.461122825600 
-.075141672856 
.118677040369 
-.284512011429 
-.127657562414 
.701787993014 
-2. 1 32057240979 
-.041180568957 
.456278387544 
.055426720486 
-.278539876726 
.249986067833 
-1.857703135031 
-.75584906341 I 
1.684094672893 
-3.109221062121 
.4C9100068864 
-.716391733826 


.001 l'’W67086833 
,00 5151 873 ■700 10 
,0005437025'50r3 
-.00062334837919 
-.00014696207752 
.00035759681103 
-.00025018701742 
-.00012206007964 
.0002135994 7422 
-.00696601669320 
.00 1 147 327745 83 
-.00050867438235 
-.0000191 1965255 
-.0011 392 1991192 
-.00125572438824 
,00297928975325 
,00115927657801 
-.00024570196493 
.00039364759292 
-.00028313062988 
.00077969770992 
-.00079889245194 
.002021 39288392 
-.00123539768335 
-.00071448752958 
-.00085163652240 
-.00010819057476 
.00113199533575 
.00076336159152 
.00027030704507 
-.00427773977657 
-.00120189466769 
-,00429973093987 
.00070107016795 
.00575205294707 
-.00213915004844 
,00279764558768 
.00055612310717 
-.00108927264665 
.00051921572928 
,00302043313618 
-.00050755597346 
,0001644071 7089 
-.00022136125060 
-.00047337356587 
.00124180311973 
-.00036376573100 
-.00006165897533 
-.00647433168899 
-.00049211473315 


.00086681325416 
-.00314031249735 
.00051721390537 
,00078406424950 
, 00034532673795 
-.00003843l79'}59 
-.00063802261523 
.00005613514233 
-.00035324571270 
.00582012990985 
-.00097207319969 
-.00035053735944 
,00057943026368 
.000732466)2309 
.00142743453751 
-.00251645688489 
-.00097011882571 
,00099156293275 
,00060636907279 
, 000006<»83<.01 02 
.00003036901344 
-,00080057269818 
-.00238284608945 
,00319835678338 
.00083233923481 
.00067954130274 
-.00030059012387 
-.00018132426718 
-.00074522083049 
.00051589406810 
.00106617430975 
.00243555512533 
,00142509313540 
-.00328550 s995046 
-.00474061795792 
.00167151432556 
-.00099848229785 
,000428421 17512 
-.00 123025593724 
-.00043881643605 
-.00166144485245 
-.00117361125306 
.00031422911494 
-.00069181480663 
.00411415018956 
.00010101236351 
,00096100334080 
.00468460692894 
,00462113994135 
.00203129086790 


-.47965222079 
-2,14478156583 
24852 546489 
.38733300832 
.07331153421 
-.49778700010 
.15141949736 
.C9090790806 
-.13235415311 
2. 1C666342459 
-.64793746138 
,32502505549 
.00956167059 
. 56314518151 
.58920029935 
-1.04795527694 
-.64361153902 
. 15376399768 
-.22767123304 
. 16 746219041 
-.44039432742 
.29466016047 
-.96504315685 
-37712422785 
.42601079908 
.39458 181273 
.06872702153 
-.46897321042 
. -.36944507830 
-.16770209902 
1.28927050544 
.59473722012 
1.65392079960 
-.31522591273 
-1.97144543101 
.90973411073 
-1.30971125999 
-.25099554214 
.45461 493047 
-.35709985958 
-1,26577191796 
.29042814766 
12143037577 
.12911168969 
.20648530474 
-.65227085613 
.13708427330 
.01917328082 
2.04364222402 
.22927080763 
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CO "ip TF 




NUM 0?L Accofb 


OFL ''icnc 


T‘=L 


0';L' «0 


PH 


PFL 


OFL mqm 


l 

3. 154 8^8902871 

-.3533501 68785 

2 

.054790620737 

-.133121591003 

3 

.119111722689 

-. 130862799 746 

4 

, 7 64061? 791 89 

15 7 6701 54384 

5 

-.235001410046- 

- . 04660*473552 

6 

.324717P89847 

-. 187810653904 

7 

. 131660764131 

129721409572 

8 

-.072 11281 1633 

-.080149802427 

9 

-.304989821 1 1 7 

l?7590li»5199 

n 

-l.«864<5«101 1'9 

-,2'920l5O5l4Q 

ii 

. 28273Rn??2ai 

-.054484194785 

12 

. 079032C9S935 

140333108348 

13 

1.237069985018 

230367290334 

14 

-.584091652614 

077273998931 

15 

-.3O4631'O0292 

-.077752269535 

16 

-1. 141 741753261 

-.168034820696 

17 

-.454 372843 R5 1 

-.0513277 13469 

18 

-.060391369389 

- .0383481 20088 

19 

. 177437028869 

-.228979233230 

20 

-.41104511^187 

-.079770165812 

21 

. 553277285861 

1193904 79435 

22 

-1. 955196684470 

-.066213987195 

23 

.039097588658 

184189461759 

24 

-1. 529500643^ 94 

. 014869506750 

25 

.369535161“93 

20091^964610 

26 

2, 339653938036 

095 1 97208338 

27 

-.393954867246 

023850087982 

28 

-.801568563082 

-.098827167550 

29 

,495586535904 

-.087398095700 

30 

-.085432827324 

159622909854 

31 

-.517416039274 

-.0790812 92665 

32 

1.35B704670933 

-.232381928232 

33 

-.262216494473 

-.090230832313 

34 

.327124345564 

173166542088 

35 

-.027P616846'4 

-. 252233502240 

36 

.246569042036 

-. 192167048950 

37 

.533721579959 

-. 237187621624 

38 

-.'19937045178 

-.0567384.31984 

39 

1. 971 702506675 

-.125978095308 

40 

.656320*16698 

-.060373736662 

41 

-. 344996551405 

-.075275496449 

42 

.056254057060 

162724076992 

43 

, 388393216246 

15786S1O8101 

44 

-« 345977739016 

-.101057702104 

45 

1. 3P3553263324 

-. 2352A1225740 

46 

,634682786007 

-. 158772267947 

47 

-1.985636280795 

112822699597 

48 

3.0150P9?oo934 

-. 108813801747 

49 

-.269590706324 

187533304418 

50 

.553326942321 

-. 145642200896 


.00 2255????76 
-. C-V'^ifOOl Pll 2 
.002507^29^^0 
.00}3'<5U(SHFB 
. 002632534829 
.000963566379 
-.00396Q74Qf"9 
-.00096^098939 
.001237437452 
-.003624361340 
-.001777579863 
. 007686156251 
.007913854482 
-.005805793140 
, 005 809033247 
-.001984026410 
001 91 57651’'7 
.002935567148 
.005528406131 
. 0035CO06668C 
-.003926332132 
.005380586030 
.007682232266 
-.003008196119 
01 9516860103 
-.009955522219 
-.00011 0409066 
.005176133433 
-.000117383054 
-.004537460799 
.013585650538 
.017343779411 
-.00092369401 1 
-.007397281643 
-.007414640531 
.015519658408 
-.012603655696 
.001439448123 
.005966272599 
00045859Q3P5 
-.000296410924 
.003023949089 
.004104976823 
-.001289915389 
007406006509 
.003480354554 
-.009132294843 
. 003712529856 
-.000075429313 
. 0134382 94409 


-3. 0508 71 156520 
-.1170qi84l661 
-. 203'’'‘-B904 311 
-.723H30140P11 
. 2833 50976562 
-.261507172603 
-.1«23 35'’93421 
.0222 5343608.) 
.33723967339 '( 
2.04 64 31 694 7 96 
-.338997 155424 
. D1 " 7 14^146 18 
-1.1644 6:* 7 77 4 44 
.694137312039 
. 347593453254 
1.061536945Q72 
.3927571}0382 
.077301369360 
-.052974639247 
978 805 35 1 36 
-.583686813894 
1.086245303522 
-.007703954452 
1.467722125486 
-, 2801 83368937 
-2. 519523487776 
,343?2a834550 
.807109790036 
-.61 17 70649368 
.r 307P 133312 
.669035356914 
-1.258554514710 
. 5431 35276537 
-.40U37714167 
.03135C711fl58 
-.270100655696 
-.501422163858 
. 7440 16633609 
-2. 134484591206 
-.74975668850' 
.371962903886 
-.003544192859 
362945776749 
,355412336350 
-1.351’32317376 
-.695381755109 
1.989801257081 
-3.060958314702 
,426773564392 
-,'12372302667 


-.000522421 32947 
.003637 5 = '’32425 
,00102'' ? 32 2 " 4 I 9 
.00000744923504 
.000131 79394613 
.0003435:’065 1 1 2 
.00170536506248 
. 00 1 095 45'’33 72 7 
.00006785944 030 
-.O03 7f V97330663 
,On04969440'’913 
- .'' ■'Q2*’5H ~3 I »6Q4 
. C '' 0 3 5 /. 2 64 9 8 1 7 0 
-.00187093050076 
-.00044543608760 
.00 726?^ 1800056 
.00056405383964 
-.00033597766381 
.0002101'5941 795 
.00014463899198 
.00016456207929 
-.000 4332 744 8 169 
.001 112 58006821 
-.00 1381 9} 398958 
,0003001 1783484 
.00054332824406 
.000146'5152 829 
.00014971194004 
.00120939881425 
-.00030251061224 
-.00289591167311 
-.D003S*'16191830 
-.00417926570 152 
.00260145890682 
.00555824910585 
-.00133044726817 
-.00027953260004 
-.00023894154286 
-.0001157^0460985 
-.00013258111007 
.0031 8642472428 
.00006010068180 
.00027916960650 
.00038303782 385 
-,0018679504*'057 
,00083386280119 
,00200372192215 
-.00210052249 766 
-.00578039790948 
-.00028712079784 


.00112927160382 
-.D02^ 1424 '12103? 
.00075649 147333 
.00072149811*04 
.00033229443203 
-.00059047560022 
-.00157253653077 
-. OOO'- ':.75355734 7 
■>0042823 3934P 4 
. 00665930 3 103 1 1 
-. 00067654601345 
-.00016~39563'20 
.00)40074862348 
. 00056336870492 
.00096215551631 
-. 00448522392259' 
-.000*43E«®85014 
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. OODf 6190161702 
.00004750228542 
. 000282 62397108 
-.0011271942561 2 
-.00204302 757903 
0031 1505938300 
.00075064323567 
.0010521700'67 72 
-.00034827''6686T 
-.0004 86916 76146 
-.00066030160414 
.00050527305516 
. 001 S0953253099 
.002102996P7777 
.00141658320547 
-.00239851313169 
-.00467868664706 
. 00188656 398503 
.00032004638705 
.00015551106028 
C0090862066406 
-.00082917430258 
-.00177613480357 

00 l00564'^746OO 

.0004444 1 17051 3 
-.0007658C48C476 
.00374989258928 
.00026^47870369 
,0002347335414' 
,00546792246005 
. 00480730170269 
,00210500491859 


.21850335980 
-1.51540500516 
-.4 6954902 75 1 
-. 00462419987 
-.06573607735 
-.1994'5314343 
- 1.031P69P0947 
-.80704307829 
-. 0531 993«381 
1.14031149049 
-.28073528071 
.176251 73565 
-.16696156643 
.9251'616808 
.20892359951 
-2.63327515526 
31 32473'3‘^' 
.22394176627 
-. I 2OO5S335O0 
-.08553007759 
-.09466746252 
.1 5867550555 
-.53029086231 
.421«'522636 
17884973632 
-.25157059727 
-.092531 72379 
-.06205198968 
-.61686580983 
. 18717870008 
,37232231710 
. 1°134410755 
1.60787296535 
-1.16967479613 
-1.90517545612 
.56560217723 
. 1 31053C85P6 
.10236047575 
. 04322712377 
.09121779545 
-1.33523376217 
03438530653 
-.20617995635 
-.22334185889 
.81446091556 
-.43806412028 
-.75872407126 
.65370679993 
U8240881S579 
.13375346359 
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Appendix E 

PERTURBATIONS IN RECTANGULAR COORDINATES AT FUTURE DATES 

Appendix E contains the perturbed equatorial rectangular coordinates and the 
perturbations in these rectangular coordinates for the first 50 minor planets at 
successive 400-day dates from 1973 November 14 (244 2000.5) through 1983 
September 23 (244 5600.6). The date of the perturbations themselves is contained 
in the column heading, while the date of osculation is contained in the page heading. . 
Orbital elements at the date of osculation are contained in Appendix B. 

Note that the perturbations are listed in terms of the 10th decimal of an astronomical 
unit . 

I 

These pages illustrate the variations between individual minor planets of the 
perturbations over 400-day intervals. 
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46 
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47 
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48 

48 
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49 
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X,V,Z CC?Pr 

. A77141 ’5^^5?769 
-.?3U‘'l33782l9fiO 
,494R2^^143179S4? 
~2. 0fi7629P4l 3P9R13 
1.6786296972*59321 
- 1 . 0^0392512 122P74 
I .92P7-’03946°0622 
-.632039433876026 

-1. 3B15‘’26?240'“269 
2, B03872455631479 
. O638785RO7902B5 
-2 . 45~n''4"'68 ■^84679 
1,1306886243736666 
?. 07760414406793? 
-1.714930366426785 
63881 8698289025 
1. 7R0781614CO3792 
-1.706193781824169 
-.090375262324483 
-2.286083324229736 
1.798655373271636 
-2.684736501721850 
-.998716810442022 
2. 120816601 176344 
1.171070405941291 
-? « 35 794 7 017 35 7089 
-2. 0*5 6104214 56"02 I 
-, 577486867620086 
,095462103325085 
-1.290645663529570 
-2. U 2206154126497 
-•0°84237973a9954 
-3,720714158304560 
- 2 . 375372*502201661 
-1.425102K>19B6395 
1,858619346595043 
-2.467530232010754 
61 4838508231397 
2,446l23442*>14ae7 
2, 155894756869429 
2.605673771657649 
-2.79573195726»‘529 
-.3245972054^2267 
-2.22 1970719040201 
-1,691307743950404 
.C036O17C98O4162 
01 1529941634817 
2.250536470129916 
-3. 248897339336764 
1.529U4684792852 


TNAT5S AT JULIAN OA’ 

-2.501562388905278 

-3,038206057101516 

-2.935335754911318 

,955060540740167 

1,637763755935255 
2 .058901623389599 
-.659959163208654 
-2.187101167915344 
-2,1 39590086624593 
-1.394340073287424 
-1.849701755673841 
l,23l8''0542lO6359 
-1.495997207739109 
.83P60O124384795 
1.902548970372408 
-2.836697136068031 
- 1.250256472138730 
-2.241165580674476 
-2.371849720603578 
.022957954048754 
-.8 J9358832381436 
-1.648965313314399 
-2. 445553267990647 
2.147538177422675 
2.24632 7249079130 
.956700009028145 
- 1. 3 07062 66994 9763 
2.199646784891002 
-2,187477745214011 
-2,055696455685322 
,684780816311068 
-2.360778496781464 
-.221680150331210 
.332557''5P5204 66 
2.049047616839374 
-1.1753U15PO81O50 
-1,525435750706470 
2.026239171091262 
-.206003?23632859 
.020069556142127 
2.331284708750431 
-.020052159976772 
2,355067059932590 
-,6’4303503221353 
-1.785462971561266 
-I .096462666191503 
-2.233282157278936 
I .839564233805334 
1,005939259648407 
-1.334225235898352 


E 2442003.5 

-1, 316830719762791 
.639936250252360 
-.580401376 154327 

.654S5J5132P6124 

. 456057'j‘19493655 
,631573?67273620 
-p 0751 99626574640 
-.769160126392091 
-,P656«103464O376 
-.436439104051740 
-.760062295450134 
. 093049663593948 
-1.513916800684138 
-.131234730724714 
. 6 4 8263761 1 49053 
-1.045721175273000 
615367443866894 
475149973390149 
-,9'^0260''26427602 
-.003730237577375 
-.477045777464109 
23004251 1726405 
-1.082504370325530 
.940655278085309 
. 461549580399549 
.581715657502357 
50081P«53499509 
.678536474064533 
-1.231683520931146 
-.988307864408785 
1.433993600532254 
833179619853123 
-.084332899221282 
, 106636301026420 
1. 23018061 3025674 
-1.039798810516800 
741074202603141 
.935741846272791 
-.220O47136'’62442 
-. 165556683577903 
. 292037168861471 
. 448450655527296 
.984767192538043 
-. 142066O525l*'7l3 
-.466001664962839 
-.732234474081626 
-1. 204L00304397414 
. 576971383976410 
.269912134750*^03 
-.511516199665994 


?E= TUF pay TTJ.S IN 10-TH OcC 


58643 1 3 
2910246 
7690620 
-2°6‘53 1 
-91 29773 
-3822658 
13058146 
29 197 1 9 
19P41 25 
2292582B 
4584535 
-2544727 
11223093 
-51 09633 
-2405754 
40542 15 
5436207 
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3175420 
-3749278 
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-2294245 
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-7 906 21 
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266947 
-3494458 
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-35032 70 
-3437691 
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-8820998 
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-4831310 
-2732380 
-17523208 
392251 1 
34 49 3 35 
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5 ? 14 5 5 1 
-6991066 
-12559941 
3040353 
4288091 
-223345 
3974431 
395® 557 
4601766 
- 3107194 
3738468 
3599740 
-70' 732 
-3324656 
5534932 
2754269 
1521370 
1633716 
3532245 
4204071 
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4346772 
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-12604436 
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062533 
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-14701937 
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354940 
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3314279 
2572943 
4063560 
-3366940 
4731427 
-3353046 
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-44918 
-123?15<>5 
-7066115 
-96790 
1848647 
-9907 
1724329 
1323097 
790237 
1974044 
-1922185 
2027979 
-2028346 
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X,Y,7 coordinates at JULIAN DATE 

. 13‘JH?2bl 5ab3J65 . 
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2 . ')C.3SSii /‘)5fw f>3S20 
2.4H 301 362 0')LN089 
2,020535274139604 
, 1 34202376933309 
-? . 09 7 77 792 30U3406 
-2* 741S3Dh«2469533 
-1.640605443202553 
1. 779035042141323 
2.047819605938244 
2. 796531025649315 
1.434190675597151 
10048 322 576 1824 
1.92B318178383208 
-. 162996605254767 
-2.811552711757088 
2.469967238484188 
1,475723885890403 
1.738369306971976 
2.108281336334130 
. 1 1232 3356657888 
-.063993300444118 
,230594619435426 
2.174414953222552 
-1,719102067076108 
-2,014468339563265 
-.461242065859460 
1. I 7797451 1056782 
-2,261112166831253 
2.098270768600756 
2.076891 124983959 
-2.603180252630565 
2. 77B55 1542 I 77425 
-1.262180972863781 
-.097923897247277 
-1.460619263142611 
-.613695245000780 
,597596350004540 
-2.416461050260452 
-.224493703775067 
-1. 1329B8066457109 
-.464919 986423910 
.486458055048929 
-1.906548225976186 
,807068206831238 
2. 227984303307352 
.889941757381216 
2.550907587187519 
-1,527072097806659 
-3.173968796035680 
-.623871737736657 


.559613 705 10(1414 
-1.999550194515585 
. 35606 510 3626680 
-.964046289400535 
1 , 52 197936 409846 3 
.577403023577837 
-1,090795527707130 
1.75o049575274695 
1.891573770386238 
-1.7856784019525-73 
1.515685231473147 
2.263449052006781 
-.881930524766663 
-.653781262530831 
2.240328967498669 
,450324696373139 
-.126290337261212 
-2.532670418931545 
2.372499018300871 
-2.703878227409263 

- 1.934705435248752 
1 .98615 5092945694 
2.201681800246817 

-2.158358541028178 

-2.209249890130665 

-1.44707283B340425 

,995470239367625 

-.502230429005259 

- 1.961037849191570 
-.194219075997362 

-2.183407350264957 
-2,648005470411334 
-1.578214695275101 
1.569328035664356 
-2.632570754172534 
-1. 112635780138632 
2.636074060034758 
1.815447119146839 
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-1.694376194180983 
549256058925355 
-2.473751515699291 
-1,415375957042983 
2.009139661080383 
171829305456062 
2.438318489021142 
-U817136524893272 
2.228709269376267 


2442400.5 

-.5261 K2062 /7l6rt 
.2 731 37716 003000 
.0244477760743 76 
-.8 155 74378609877 
.2 5349105 7859291 
.269245010506040 
.44 00 1 96 78 1 7014 5 
,041761 701 738561 
-.7261/0331212257 
.945359181495004 
,6161802591,54757 
-,61608446026 1018 
.6 1 3901 190 5 10 192 
1.039969091 334143 
-1.077678641 176810 
-.318105927353258 
.699363830065082 
-.039068023893786 
-.010684227108309 
- 1.064951 1 18014392 
1.057235579012563 
-I .570940217984507 
-1,407150205904451 
.901920164360760 
-.222110911494297 
-1.027432709572636 
-.907924713753358 
-.104273204108986 
.579093656621131 
-.165128369704261 
-1.181999333466990 
.1 13696276468528 
-1.026441605647314 
-.85044755G475297 
-.986935859951699 
1.406794073584301 
-1.3 1 7127017 1146 15 
-.851233847839932 
,667274013413060 
.807736996494713 
,395606961566298 
-.844161925946544 
-.364923930534822 
-.991517249856191 
-.599204136 109620 
.777113449285622 
-.108624553286735 
.729349145555055 
-1.007859423705469 
.843082376415854 


PERTURBATIONS IN 


32 52 3 791 

-6898075 

3802 395 

7191011 

25671035 

-2895914 

-1927246 

2120303 

-3623373 

40398 

-5005 782 

2175975 

-Lc 51 3 19 

-8910227 

13948944 

-5550C2 

3 749702 

4 3781 30 

5961936 

-2 12U741 

20183455 

-5534396 

-2514979 

1742961 

23281853 

-14217924 

-5 1 18065 

-6467738 

-4645507,,, 

, 2223793 

10439505 

3402112 

6794903 

-9811846 

6458909 

1389644 

8 725901 

1481958 

-10694B3 

3293639 

-1365866 

-7740330 

-895030 

4305251 

4B54259 

5261928 

-4459401 

319075 

-4240775 

1 078004 

-2551207 

2043175 

395252 

4B42679 

-5219478 

1783970 

33293959 

-9472676 

5050997 

- 3075239 

-3/47673 

2273546 

20562174 

-1972469 

-3050139 

27251C2 

-1554990 

2925778 

-5025552 

1585553 

3949800 

-6290967 

-415648 

4466896 

-5063193 

1957268 

-4185523 

-8764767 

-3347613 

-7650193 

-5126765 

-1670131 

-1210848 

3305834 

-6058677 

2433684 

-247647 

4298186 

2975843 

4859312 

18334157 

-3260401 

11671291 

509946 

-4380640 

-837537 

-4179132 

2523578 

2248741 

-5002619 


lO-TH; DEC 

457017 
-3650161 
-4520409 
842621 
270408 
1234936 
-3968652 
-7 54836 
2204617 
-12633660 
-3205186 
88035L 
-1515942 
-1882832 
1026964 
717374 
-3819463 
-255153 
224184 
1475011 
-3131699 
1824381 
3158830 
167328 
1107402 
931126 
2071575 
1067033 
-3605075 
1291857 
7:73268 
-2978864 
1297101 
U91U9 
635559 
-3547138 
2209731 
771514 
-2191075 
-2960971 
552864 
1283225 
1CO14O0 
1646283 
1353679 
-1973334 
665935 
S85135 
1267431 
-2473UI 
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OSCULATICN IS JULIAN DATE 
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1. 

NUM 

OUAL 

X,Y,7 COORDINATES AT JULIAN DATE '24A2800o5 

PERTURBATIONS IN 

10-TH dec 


1 

. 1 

1 

*43t81AL04942892 

2,429755656781247 

i .048 3d2U07 5586 89 

24 770220 

-7 1 12970 

B6O320 


2 

2 

1 

2,522980851048445 

1.010785882701107 

-.384363965554576 

13450(547 

17244313 

859424 


3 

3 

1 

-2.24o779l53994022 

1.163801613965477 

.308228142487469 

3304605 

-8669558 

-1707760 


4 

4 

1 

2.209^88558034770 

1 . 14260854 4 04493 3 

.166748371 230953 

454693 1 

'5666929 

2983020 


5 

5 

1 

.062018166475851 

-2.695238312010503 

-.945855861407111 

-4637507 

-1059673 

-301582 


6 

6 

I 

.350105447966197 

-2.312900958930356 

-.562795695202080 

-4498149 

-377094 

-186940 


7 

7 

1 

-2.260289816937012 

- 1.632 778 750510496 

-.905859358409227 

-63023; 8 

-973176 

-355506 


8 

9 

1 

-2.1 79060802469460 

.721586700743355 

.507696681119541 

2969821 

- 7567013 

-3145353 


9 

9 

1 

103136471763355 

1.895840908385537 

.913833813482192 

24346951 

11644549 

4825317 


10 

10 

1 

248235 792135260 

3.072964782461582 

1.379290227936941 

662231 

^10957532 

-5825840 


ll 

u 

1 

-2, 1 7590697362516Q 

1.439842575242871 

.69998c3t4 714007 

-923509 

-5339107 

-1995225 


12 

12 

1 

1.364190209653714 

1.831301459637082 

.792353702423895 

7616472 

4558890 

984656 


13 

13 

1 

-1.977130255156867 

. 795486603091295 

1.054466976958359 

1100760 

-7019315 

-5085582 


14 

14 

1 

-1 . 726356262330443 

-1.359646692353685 

-.302147682187751 

-5319696 

- 106941 8 

-18322 


15 

15 

1 

.131 762709314170 

-2.473755522547634 

- 1.294882 698 1228 34 

-4 743797 

-222026 

271912 


U 

16 

1 

.29798400996 1615 

2.547816506400475 

,957288434460771 

26141695 

3464156 

820763 


17 

17 

1 

-1.949012136448786 

1.585019798089405 

.749688580925525 

-1335683 

-5510995 

-1962315 


18 

18 

1 

-2.1 89 75 708 3243435 

1.216964613722524 

,515643604218176 

2403756 

-7321016 

-1983338 


19 

19 

I 

-1.473070^73577614 

1.782336411717253 

-7C1743614373566 

6138126 

-4246514 

-1995597 


20 

20 

1 

2.438691302244607 

-.071036607749335 

-.0 1 5606555 905782 

-1918965 

6102910 

24621 75 


21 

21 

1 

-2.7 5008 7 24 642 9601 

. 35 178940476783 7 

.315710053060494 

-‘♦440143 

-956882 

-334356 


22 

22 

1 

2. 672264962500578 

-.067570504558501 

-.7 18665022279129 

-2394446 

5481170 

4272307 


23 

23 

1 

2.37315917U721181 

1.085810830329656 

.122778153325290 

15032332 

11712527 

8597867 


24 

24 

1 

-2,399613990981678 

-1.588778561569505 

-.688689443 704565 

-6517623 

-021140 

-215533 

w 

25 

25 

1 

-1.673154970157257 

-1.318361861934890 

-.480703480438367 

-6903075 

-1007532 

-357523 

1 

2& 

26 

I 

2. 735773822983134 

-.114691855339071 

-.190664293726377 

-2105264 

5479269 

2816359 


27 

27 

1 

1. 50693266040 3S36 

1.277933976115328 

.505647974496039 

10731330 

7205363 

2876427 


28 

28 

1 

.900275904762687 

-2.S02368984519413 

-.909092866800115 

-4 199342 

922212 

206559 


29 

29 

1 

-1.837154043180208 

1,488362957456573 

.828593389 190328 

19 14794 

-8535006 

-4954225 


30 

30 

1 

-1.101473574326833 

1.850745649316003 

.817265314169035 

10024042 

1025940 

62474 


31 

31 

1 

-.059104256836283 

-2.667818579244681 

-2.785542894576807 

-5144388 

264665 

699180 


32 

32 

1 

♦4864192208U2491 

2.472481939743702 

•896648962570126 

24860198 

-3253796 

-3716196 


33 

31 

1 

1.830103245724601 

.734604490240379 

.337562592006602 

-4133924 

4455468 

2092424 


34 

3« 

1 

2.844676355988497 

-.810835328592230 

-.241929950101412 

-2734275 

5988277 

1895981 


35 

35 

I 

2.518416662350091 

-1.657010630852295 

-.972690012293285 

-3484523 

3226616 

2108595 


36 

36 

1 

-3.274122114581544 

-.389313344683300 

-.382542380564404 

-5377425 

-553284 

-400694 


37 

37 

1 

2. 318760513162985 

.34928516 1982896 

.155074928267141 

-260167 

6585997 

3109954 


38 

38 

1 

,547244133508691 

-2.816396671863728 

-1.338148325493052 

-4403009 

391121 

49C468 


39 

39 

1 

-3,018959315755481 

.405722279190996 

.318850063043830 

-4 760173 

-946189 

-26450 


40 

40 

1 

-1.608201072828400 

-1.607297362227676 

-.557362177838844 

-6745413 

-1277478 

-255213 


41 

41 

1 

-1.825764800106441 

-.893976457963412 

-.106149523057738 

-6062368 

-626235 

120224 


42 

42 

1 

.947429197646148 

2.141356526871874 

.811183783323294 

12455620 

5035555 

2153571 


43 

43 

1 

2.040990474164935 

-.209949385985725 

.044191239309878 

-3382550 

3323459 

1273987 


44 

44 

1 

2.381770907605429 

.515614639784069 

.073663742092674 

2232387 

7257965 

3037939 


45 

45 

1 

2.052643688227604 

2.040864809890238 

.525359701727020 

39613496 

11752864 

4941450 


46 

46 

1 

-2.656946255555203 

1.127330912380458 

.433729304108120 

-2349305 

-3011429 

-1065301 


47 

47 

1 

.511944344052910 

2,658860664412600 

1.436294931905351 

20205794 

-4146455 

-3234918 


48 

48 

1 

-3.082059786340452 

-.764801080702419 

-.256662726298378 

-6162218 

-497883 

26345 


49 

49 

1 

-.420876037864780 

-3. 116176614224941 

-1.439308983027743 

-5445960 

-78716 

2060L6 


50 

50 

1 

-3.340457781190779 

.246242185139172 

.112391508213501 

-5178489 

-643954 

-85846 
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'^sr.uLATirN Tc jui.''AK' narc 
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L 

NUH 

OUSL 

X,Y,7 

0INAt= 5 JNLIAN OfiTf 2443200.5 

P<-» TUF BAT T'3NS IN 

10-TH DEC ; 

1 

1 

1 

62 l?6 7TIS657468 

-.07Z:»52103395404 

.4796057P-033915 

4<-- 05 1 56 

-4642167 

-3115256 

2 

2 

1 

-l,69'^0696?l 352535 

1. 308018593148795 

1330945S3056313 

83 17992 

7163413 

55066 76 

3 

3 

1 

-?.46336-»0770798P5 

-2.205271036567510 

316149576974301 

-34 3<’296 

-3318553 

-1223898 

4 

4 

1 

-1.235060'3‘'65l'»355 

1.9581 7465061 82"’5 

. 94384 101 3 155=^5 

1 75 59446 

1 3618649 

6730739 

5 

5 

1 

2.B?15400‘71951718 

- .919625-721 ^^89654 

-.49605A6109130'‘5 

-4815059 

46 2 10 

7 3 39 

6 

6 

1 

,9tt76?490270?844 

1,751252840545526 

.207471790947261 

- 57 89 5 99 

1204710 

1 728092 



1 

1 . 10P5023®9224256 

-2.021733850277528 

721623853518651 

-3404801 

-3605633 

- 1396450 

8 

8 

1 

-.76742 62ll6<^64705 

-2.178574627035029 

-. 780501612998105 

-3973738 

-39U 551 

-1499831 

9 

9 

1 

-2, 2fl5957q?o^4''550 

-1,12CI08P«29127«80 

-. 303261206249761 

1762904 

-2830755 

- 1639139 

10 

10 

1 

-2,861227337358184 

,919703760537729 

. 716288050170259 

1928256 

-4860321 

-1954927 

11 

11 

1 

-1. 326672992322584 

-1 .092165965590196 

-. 624055419699907 

-3643253 

-3353739 

-1290613 

12 

12 

1 

_1. cc/ioq670ft49O35i 

1.9654219*^2332299 

. 409511842628374 

9364641 

-4211333 

- 1001989 

13 

13 

1 

-1 .01 8897580306479 

-2.137759525634237 

-1.287557871904931 

-3741253 

-3564145 

-1607666 

14 

14 

1 

2. 065100268'>9''410 

-1.636163891658718 

-1 . 09 1C'=3«502''5030 

-3029 1 14 

-2138555 

-8616~l 

15 

15 

1 

1.952236573772019 

.5380735472 86608 

. 70883099024^225 

-5986283 

159P233 

4659 

16 

16 

1 

-2.990535544986819 

1 .068363230410137 

.490339922295151 

35 11924 

-5073256 

-1935558 

17 

1“^ 

1 

6“26l B6''9 135246 

-1. <*13430008122894 

-.646554001 372216 

-3601 160 

-3608590 

-1328454 

16 

18 

1 

-1 . 81 8885107932658 

-1.950658902331905 

3466321 30468509 

-3547784 

-3272918 

-1212032 

19 

19 

1 

-2. 377924009397375 

-1.401414887440644 

-.606551950631677 

-2151990 

-2917162 

-1115084 

20 

20 

1 

-1,242221597199986 

1. 547624852363015 

.643827594272921 

11593481 

23901229 

9747016 

21 

21 

1 

1 24759081447089 

-2.015722056569814 

-.087910665784631 

-4293136 

-4546160 

-1845566 

22 

22 

1 

, 1437QC2'^521170'^ 

2.31851550584“614 

1. 24O53T67000651.8 

151 909 76 

22357544 

1 1973248 

23 

23 

1 

-1 .816574239486613 

.686360077921 304 

. 693699748571 781 

10092099 

14970985 

7531773 


24 

1 

. 845884932591428 

-2.99R334767033932 

-1 .346337408025426 

-3865505 

- 3534 156 

- 140222*^ 

29 

25 

1 

1. 961616450896152 

.659704241492958 

.4811401 V9706528 

-3 792555 

692122 

-794588 

19 

26 

1 

.742621879100376 

2.516814521168627 

1. 187861288912949 

18124259 

28633766 

11870414 

•?? 

2*' 

1 

-2. 307602545172131 

-.2 02915727420002 

0180*^3165220377 

7434763 

-24 54 700 

- 1265268 

19 

28 

1 

2. 984848890036346 

-.343905049104682 

393503673150976 

-5571605 

792535 

305494 

19 

29 

1 

-1, 847386754380504 

-1 .747645414443973 

-1.003932035285612 

-3073031 

-3069925 

• -^4 3300 IT 

30 

30 

1 

-2.240132655475250 

-1.282850904757431 

6622329325083 1 1 

-13505 54 

-2829966 

-1117184 

31 

31 

1 

2 , 54760 7652 276453 

-1.231290342962801 

-2. 156266840753 1 19 

-47431 52 

-2023919 

463416 

32 

32 

1 

-2. 3'f44 563'^3 2‘'021'^ 

.040205753114331 

-. I413253'^57659 10 

54201 37 

“5304694 

-1486997 

33 

33 

1 

-1,583319600239122 

2.620444881302983 

1. 252706255 181 749 

1 289Q477 

6564447 

2074947 

34 

34 

1 

1, 188091769197165 

2.251626209254056 

.738136682157009 

4881975 

17513504 

71P4162 

35 

35 

1 

3. 4^05 05491^85029 

.946739236924227 

. 63519B143230827 

-63392 36 

5314257 

2398370 

36 

36 

1 

-1.749796807163669 

-2.258929304869952 

-2,050470092090237 

-4325600 

-3B50539 

-1552758 

37 

37 

1 

-l.6'»I63463200050 

l.5203«1104347621 

. 77ni6626'=00C06 

10955747 

17C22600 

9*671556 

38 

38 

1 

2.787905112456954 

-.637450348422593 

. 023704314601750 

-5300361 

469480 

142460 

39 

39 

1 

-1.356615887329305 

-2.525409950180020 

-. 525551 534C64203 

-4243124 

-3861909 

- 1435518 

40 

40 

1 

2.077716212499080 

- .491390000465774 

-. 37 7936640210747 

-3035761 

-103.5 86 7 

-338452 

41 

41 

1 

2. 4227 73516970352 

-1.376316096964224 

-.200207906597160 

-2733948 

-1547835 

-852^04 

42 

42 

1 

-2. 36P204P6U212P5 

1.489214924434670 

1.060098434053195 

S7415 55 

-5130346 

-2827910 

43 

43 

1 

373229210412600 

2.351791529593541 

.979903761 152332 

15956009 

20159217 

7655463 

44 

44 

1 

-1,620163600096509 

1.194453636436535 

, 543425409637091 

10102457 

'20921160 

8533271 

45 

45 . 

1 

-1.507087356321646 

2.2088 154502 18992 

. 809341 319026258 

17961368 

-1219258 

1738234 

46 

46 

1 

-1, 7761 00955333987 

-1.920655931269518 

74664«>5'^0942918 

-3934180 

-3456579 

- 1343801 

47 

47 

1 

-2.6625416B0876885 

1.647350231340639 

. 907974076290678 

4553359 

-5559389 

- -3405026 

48 

48 

1 

-.582072379361318 

-3.113122959431048 

-.951058854612100 

-4253644 

-4054826 

-1575142 

49 

49 

1 

2.412352583755265 

-.985562317295957 

-.308625241 570063 

-4504990 

-010531 

-264398 

50 

50 

1 

-1 .996577891578518 

-2.273362678138412 

844491486141322 

-4323928 

-3777174 

-1482002 
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JPOI.P WIN’^O OLfiNET'? 


^SCUL&TICM IS JUllAM O^TE 2«»^3200.5 


3 


L 

NUM 

OUAL 

X,Y,7 C0i?G0irj£TES at JULIAN DAT 

E 2443600.“^ 

OfO TUP RAT 

^QMS I^’ 

o 

t 

—1 

T 

O 

m 

O 

1 

i 

1 

124801244T12S36 

-2. 5"686C656°23643 

-1. lQl65r>538470T69 

151 3^^ 

- 3976 785 

- 1894459 

2 

2 

1 

-U2345998/«?295339 

-2.648437287910484 

.6 12696170656232 

2466546 

-1903350 

-1 194072 

3 

3 

1 

. 544236851461967 

-2.965948098267248 

-.578813078071761 

-660456 

-5421 107 

-2274=92 

4 

4 

1 

-^.307^^2l3l36al0V9 

-1.652320282369928 

-, 48837601 1 755975 

7 129329 

-74753 

-960U6 

5 

5 

1 

.987700804 374256 

2.032589141430677 

.649634176250039 

-62 17137 

-996605 

136774 

6 

6 

1 

-2. 6^1023 169292098 

,61038R5143»1821 

. 599242274229049 

4054272 

=341 979 

5162977 

7 

7 

1 

. 120002029450637 

1.779959754745207 

. 747543859790706 

-50944 1 6 

-2026986 

-1340240 

8 

8 

1 

1. 750402453 552290 

.649916934671388 

.073040893064688 

-41541 

-3041100 

-1334095 

9 

9 

1 

1.007854023266809 

-2. 1 183 69336764758 

-1. 111098407556393 

-384104 

-5293574 

-2351422 

10 

1 0 

1 

-1 , 140443B14M7834 

-2.32152141 7375024 

- 1. 1356060016 56235 

1046910 

-3253500 

-1 2 12872 

u 

11 

1 

2.24266l»9q973657 

-.052141292183791 

-, 1793105233^2467 

472190 

-4073184 

- 1 780355 

12 

12 

1 

-1, 377033470438591 

-1.442040379760016 

-.662530774585658 

4817673 

-1641368 

105647 

13 

13 

1 

2. 33 7932437065547 

-.069151174535816 

-1. 195479091401B24 

- 323596 

-4525593 

-20321 58 

14 

14 

1 

2. 574983607109630 

1.4334758iaR95936 

. 186307691582734 

-4337327 

-2366516 

-304755 

15 

15 

1 

-1.901019633137159 

1.764420074644477 

. 516318950425359 

-2 8 15 14 

19157988 

70131 18 

16 

16 

1 

-2. 409015353129728 

-2.000807162172281 

-.687556695357c,93 

17 500 1 5 

-31 15419 

-1386671 

17 

17 

1 

2.48*^44 1 149082320 

.516777330544340 

-.021361373696505 

-881774 

-2024839 

-1196733 

18 

18 

1 

1,764393477143422 

-.503405716020129 

-.291161252562806 

1014776 

-5580722 

-21B1741 

19 

19 

1 

1. 13362 5764698166 

-1,0^8420834298232 

786720337684340 

-3694 84 

-56727 1 2 

-2375965 

20 

20 

1 

-1.395707762563795 

-2.055008827134145 

-.872767309311469 

4501867 

-1066460 

-415997 

21 

21 

1 

1.6603 84672971 752 

1.451309970066483 

,548184491845194 

-27 5B445 

-1941297 

- 683777 

22 

22 

1 

-2.903082008353342 

.0452 78610024226 

. 765517755363092 

L03027 L2 

4153551 

-1162279 

23 

23 

1 

-. 642599020711574 

-2,597414114107735 

-1.228743951 575780 

1269282 

-2594740 

-1455454 

24 

24 

1 

3. 326072460848593 

-U009P70493663659 

-.479830619575912 

-1545590 

-41 85376 

- 1 7 54 1 L 7 

25 

25 

1 

-.874969949867786 

2.848122064015330 

. 082090048840313 

-12731 81 

18448706 

98944 74 

26 

26 

1 

-2. 4268 72 891 1882U 

.7941 33051376743 

. 50562249’'077190 

11462577 

14806515 

496^553 

27 

27 

1 

, 1531884Q6456932 

-2,518158085830763 

-1,090298302025197 

-176029 

-4323265 

-1857396 

26 

20 

1 

,45992 8289898304 

2.3254921 1 7263300 

.611151909991616 

-6330039 

887319 

1651760 

29 

29 

1 

1.806407549482458 

- 1.622760429354889 

-.904810991515369 

-103006 

-5368148 

-2396417 

30 

30 

1 

1 ,377483121700045 

-1.702020336189825 

-. 739926896326473 

-135740 

-5680920 

-2444240 

31 

31 

1 

2. 389347381278270 

1 ,2468657453609 14 

.503642555084941 

-4470438 

-2923966 

= 3734 

32 

32 

1 

.760843868280642 

-2.329383501001345 

-, 764989326444432 

-79324 

-4524290 

-1793669 

33 

33 

1 

-3. 709994690544406 

.862561504831046 

.428600999115540 

7534542 

-1823 769 

-1105692 

34 

34 

1 

-2. 361140706457263 

.483393021263577 

. 139862726584492 

3=36230 

1*'6°2926 

8311476 

35 

35 

1 

1. 145324859555345 

2.703034203027428 

1.671275233678010 

-11555373 

7299952 

933757 

36 

36 

1 

1.474484800999377 

-1.644042008804121 

-1. 45489288 88648 10 

-490948 

-5410673 

-2413463 

37 

37 

1 

-2.324820213998251 

- 1.7A148 59958C3579 

849875749291542 

3931842 

-1B73308 

-863976 

38 

38 

1 

.057470960703947 

2.073937395273518 

1.041812087534108 

-5642685 

2312720 

-34235 

39 

39 

I 

2.210114217838736 

-1.09Q290919969235 

-.431762195800071 

926 

-5001443 

-2090059 

40 

40 

1 

-.642088894731081 

1.9972 74216669865 

,905871683037731 

-3431528 

5352667 

2632158 

41 

41 

1 

2,959869993087707 

1.829731202611164 

. 222545018287325 

-51 09860 

-1670123 

-674498 

42 

42 

1 

-1. T508674441O5606 

-1. 5685^894039^259 

42 1056402441561 

3562589 

-1755283 

-1485593 

43 

43 

1 

-1.960587741555605 

-.593491129341110 

382201681685560 

1 0B47081 

- 108605 

533053 

44 

44 

I 

8669851908 15363 

-2. 366877907006*^67 

86323341 8078844 

2547371 

-1751939 

-917143 

45 

45 

1 

-2.008819328032288 

-1 .456513663839750 

-, 339661255875047 

6538867 

-1215670 

-733171 

46 

46 

1 

1.979128303766004 

-.633111028096455 

-.262570820892183 

680640 

-534*^086 

-2211758 

47 

47 

t 

-2.433295113644931 

-1,398229130317645 

-, 742163840046537 

3176572 

-2480637 

-1146404 

46 

48 

1 

2,611485656335006 

-1.754145417371355 

-.512904410998229 

-706362 

-4654541 

-2U4386 

49 

49 

1 

. 09365957019^360 

2.352’69156657644 

1.073801634076375 

-5440605 

1817153 

340989 

50 

50 

t 

1 .674468570271145 

-1.087280453083572 

-.419390612497220 

297789 

-5962575 

-2456791 


LMSC-D4 20943 



r,pn»jf OP MTMni^ 


n^CUL AT I^^) IS JUl IAN OAT F 2^ 43 {>00. 5 


3 


L 

NUM 

QUAL 

X,V,7 CPOPOTf^ATES AT JULIAN HATF 24-V4000.5 

PPC TUO BA 

y j c 

lo-Tu oec 

1 

1 

1 

2. 8041 87491409536 

-.553449614397353 

83 T43245262 5B49 

30754T6 

-4713403 

-2267311 

Z 

2 

1 

l.c’0137ld5418039 

-2.767262053805666 

. 399863634538084 

2 S38709 

-3982 135 

“21576 31 ; 

3 

3 

1 

1.994779937108781 

.62?33l2n617286 

.03697901 R6555 1 2 

35472 12 

-4080073 

-1804681 

4 

4 

1 

2, 35474C6900''7640 

-.0871o“2Q024<=R65 

-. 343542801 '' 06525 

3^643 87 

-43300C5 

- 2180568 

5 

5 

1 

-2. 166209965787305 

-.67969832 7490083 

-, 104149 7 ?6453560 

-1 38 76047 

12742836 

6 159 5 04 

6 

6 

1 

-1.436431592608689 

-2.333735731812368 

-.255184452470276 

5807072 

1841451 

-652906 

7 

7 

1 

-2.731922410354192 

-.4964 175029033 79 

4346 74 05? 39506 1 

-46 804 39 

10641612 

491L353 

S 

a 

1 

-2.21 1254450813101 

.664208091136710 

.488633129->66352 

-6384604 

5P28778 

2374253 , 

<i 

9 

1 

1. 555432738996572 

1. 365285743856198 

,49 3‘»08'=>4C8‘'737/^ 

1 9 82593 

-3002665 

-1356432 

10 

10 

1 

2.597680682945381 

-1.646924169955206 

-.565405827295642 

2980506 

-4C0026 1 

-2118254 ; 

li 

1 1 

1 

476857213470748 

2.41 5582461473932 

.9500.93165325296 

-41 88256 

- 3394476 

“974567 

12 

12 

1 

l.9l94«4650377O6'^ 

.847550141545995 

. 53Qe’5029542eB09 

45 944 78 

-3654676 

“1029662 

13 

13 

1 

1. 145722990916318 

1.8851497497013T0 

1. 0706339499A6S99 

-1428061 

- 37 54665 

-1274571 

14 

14 

1 

-1. 01 54096B1 898245 

1.867111518568116 

1 . 009635563«6j 1 03 

-6123956 

- 1697739 

“181493 

15 

15 

1 

-2.696380311846241 

-1. 107554598053774 

- 1. 174280105046158 

7 4 104 37 

3683816 

3559925 

16 

16 

1 

1.03 1762150740839 

-2 .452696519870400 

-.959142414846376 

2632301 

-3969493 

-1788810 

17 

17 

1 

-, 164'67027435145 

2.61 866681B763657 

.978i,470267«°891 

-4668907 

-3526370 

-86B503 

18 

18 

1 

-1.618275576519253 

1,683414841212240 

. 58572604P933328 

-3710649 

-1722405 

327921 

19 

19 

1 

. 757551331337698 

1.826486971733530 

.754? 552‘>6909039 

146863 

-2*^50524 

- 1 21P9P1 

20 

20 

1 

2.036592735861 191 

- 1.530133333942270 

-.652355715764918 

2903201 

-4868627 

-2133520 

21 

21 

1 

-1 .9t<^,^67923737625 

1 ,734958703940276 

,907146546607560 

-10718089 

8867163 

3946537 

22 

22 

1 

-1. 562614137224770 

-2.599587242616835 

-1.04375«806121062 

4B51309 

295539 

-795290 

23 

23 

1 

2.409632443469860 

-1,664479346360146 

- 1. 31 1418530294240 

2870463 

-493^292 

“23008 19 

24 

24 

1 

2. 371533391 321 648 

1 .965953620627040 

,857408375612971 

-49^620 

-4220373 

“1854009 

25 

25 

1 

-2.560422987924620 

.164657630207629 

529184012215616 

1380196 

9609855 

12043877' 

26 

26 

1 

-.272790731 U7775 

-2.13275600848^253 

-1.048522310808231 

5620901 

2249 786 

827222, 

27 

27 

1 

2. 2310l58544‘»1664 

,207664484950143 

.0224289*^5066309 

3631933 

-43*^4'65 

“ 1985233 

26 

. 28 

1 

-2.493404573 133105 

-.550128989021250 

.092567584404176 

-12291243 

15566243 

8034602 : 

29 

29 

I 

1. 238088238693792 

1 .757647279214076 

1.004862492629414 

-360408 

-3187417 

“ 1469405 

30 

30 

1 

.40P2618C ■^608401 

l.9')1793248689202 

. 888879601 736981 

-1026322 

-3018315 - 

1422400 

31 

31 

1 

-1.726179896991417 

.934391239512696 

1.618465206546290 

-5641766 

1520197 

“1622790. 

32 

32 

1 

2.72479795‘'493365 

.549138316fl5l927 

.3*^0305616421465 

2446465 

-3843 106 

- 1606*’89 

33 

33 

1 

-2.7231 35823520906 

-1.616756084408998 

750258133375603 

6494158 

865417 

381689 

34 

34 

1 

-. 208210437684357 

-2.632830563707032 

-.854560726945146 

4454392 

784333 ■ 

128457 

35 

35 

1 

-2. 134571290953474 

1,212257666706620 

, 705436940199029 

-21342362 

22093407 

6097403; 

36 

36 

1 

.256160084133073 

1.494292340148341 

1.347593230709116 

-451717 

-2723693 

“1580339 

3T 

37 

1 

. 863515453909223 

-2. 53903451 8321985 

-1.272383336*^32098 

2512947 

-3809957. 

“ 1670431 

38 

38 

1 

-2.563713840889449 

-.603519256528518 

-.615492646186013 

-7369732 

13457145 

5559557 

39 

39 

1 

.644357018771423 

2.490049267188624 

.568335279316610 

-2095540 

-3853674 

“1 120622’ 

40 

40 

1 

-1.052622016148979 

-1.264145068446673 

-. 382832302444 742 

477129 

6400101 

3313775 

41 

4 1 

1 

.218898660871917 

3.145099078718573 

.416921379740055 

-5655494 

-4560530 

56669' 

42 

42 

1 

1.966467183769765 

.423837640928987 

-.130870496365170 

4590990 

-4304844 

-24B3146 

43 

43 

1 

2.053310665098039 

-.149114121296458 

. 071155942396466 

3507606 

-3501194 

“1399792 

44 

44 

1 

2.353147004297668 

-1.161689032283725 

-.563775358976570 

3165553 

-4990983 

-2224430 

45 

45 

1 

1.938608143994912 

-1.699209214662403 

-.6729671416354T8 

2688521 ' 

-4033157 

- ^1807118 

46 

46 

1 

-.527685402291180 

2,351551756944033 

.908410097037603 

-35821 85 

-34734S0 

“1311730 

47 

47 

1 

1. 520844472445972 

-1.727309758541615 

-.944261754491037 

2595705 

-3857415 

-1745305 

48 

48 

1 

2.317420660230340 

1.766453945796892 

. 555624234243047 

232373 

-3643392 

-1735608 

49- 

49 

1 

-3.290289652052650 

.936435179905256 

.235762410170365 

-10374396 

27444112 

12328328 

50 

50 

I 

-.872965712938758 

2.223313565592719 

.842550246995653 

-3224249 

-3312616 

-1170538 
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npruo r>p MT^;^p planet:; 


JULIAN date 2^^4000. 5 


3 


L 

MU« 

OUAL 

1 

1 

1 

2 

2 

1 

3 

3 

1 

4 

4 

1 

5 

5 

1 

6 

6 

1 

7 

7 

1 

8 

8 

1 

<i 

9 

1 

10 

10 

1 

li 

1 1 

1 

12 

12 

1 

13 

13 

I 

14 

14 

1 

15 

15 

1 

16 

16 

I 

17 

17 

1 

la 

18 

1 

19 

19 

1 

20 

20 

i 

21 

21 

1 

22 

22 

1 

23 

23 

1 


24 

1 

W 25 

25 

1 

c5o 26 

26 

1 

27 

27 

1 

2« 

20 

1 

29 

29 

1 

30 

30 

1 

31 

31 

1 

32 

32 

1 

33 

33 

1 

34 

34 

1 

35 

35 

1 

36 

36 

1 

37 

37 

1 

30 

30 

1 

39 

39 

1 

40 

40 

1 

41 

41 

1 

42 

4? 

1 

43 

43 

1 

44 

44 

1 

45 

45 

1 

46 

46 

1 

47 

47 

1 

48 

48 

1 

49 

49 

1 

50 

50 

1 


X,Y,7. '“P^RDINATPS AT JiJL I AN OAT? 2^4A430.5 


CEP TU® 3ATinM 5 IN 


to 


1 . 300f)4B5<?(S021>82 
2. 92601 ?''^69l456l 
“2.28‘i03H-,l 788P00 
-, 0l650‘i37H2?4429 
. 80 789 1 S0 7 729047 
1,9110 12 708 757038 
?4'3o '^43 354P06 
-,708317445972031 
-2. 341400500303606 
2, 9"0264«41 163«339 
-2 .584031 367031086 
-1, 262'T45620300'40 
-2*359403620034030 
-1, 054106351 356715 
.478005204522614 
2. 233025101669356 
-2, 344050609513147 
-2.209841201103312 
-2. 707699094 797301 
, ■'8 12 53622 ’’5*^099 
06*^900 5307>5l 395 
1. 8145466095710R9 
2.060520144271062 
-1 . 435340737206438 
1.267043643601000 
2.750130774036175 
-1. 816797045195592 
.096175754961415 
-2.476309300810510 
-2.60857r:6''559003l 
-2.761091057767835 
-.3412266JIS57706 
1.34561 I 837997507 
2. 614202209235745 

-. 374 T I 3544O5'3059 
-3. 1806 13648668926 
2* 107652106 855424 
.046009676662410 
-2. 770040444024283 
1.8651 I 3C6P 896669 
-2. 146965436231071 
-.991222512592724 
-*42646'’l655056 80 
-41 7467041 365901 
2. 294920153065775 
-2.954551309722845 
1.977277069157232 
-1.442101427107751 
-3. 139310672587570 
-3.371302911219345 


2.29078544^937596 

.252399820624085 
1-122258350185632 
2.3801P0212340207 
-2. 658705262168795 
-- 27 1299733 /. 73763 
“2, 505''31 998701 C29 
-2,208264489168073 
-256314??4633244 
1,494569844056993 
-.330693687594604 
2.454*309R434664O 
- .0 I 3865440029726 
-1 ,9611 1 13911 24462 
-2.4l«0154'’3 775142 

1- 1 57572596683487 
-.2013300531 80297 

-1. 528669706793500 
.248171036330917 
1.0O174O82814=>127 
-1,3370414055?4343 
-1.840059904312312 
1. 332081585261105 

2- 175094959849673 
-1.265302116809551 

.058939132562712 
.948161236488666 
-2.990534931467323 
.656171089891362 
-. I 81 0546001 1 76 83 
- I . 7 38615075717092 
2.446700138433471 
-1,275438120690559 
-.896082903282263 
-2,143056500931020 
.029272568868564 
.656802791733238 
-2,824142922128516 
I .1 10094737492096 
-.97O95Q7C20229O3 
.066284096736626 
2.401685056367990 
2. 345017727390937 
1,935750513152244 
1.780381938205231 
.032215427607834 
1 ,788456622273586 
2.475670073929621 
-1.871693286649432 
.079176357675179 


.81710152503349? 
-. 26573161 1935491 
. 302265844084458 
,952628897310487 
-.989777507900900 
39 3003550150 367 
-1 . 06026"5O0'^08008 
790759667447848 
. 362910250251055 
, 08870201 6482004 
.957229568972981 
.6681 396-^37 P6 149 
. 56 75441 70571 729 
-.688483559928439 
-1. 201055946479599 
, 375191659953927 
. 125449721 133095 
190031390777793 
,059029335644552 
. 76259351 9144065 
496152948673606 
-1.483291491027012 
, 334 797077142296 
,98 3814270756667 
, 1499go75?45Q76? 

10644797972245CI 
.463440505054023 
854120096312258 
. 352268410225864 
1668961006301 21 
897503204514980 
.833387729198723 
61 1035003990594 
-.270441176225669 
-1. 31570220*^073547 
-. 006234940016679 
.310307971350207 
-I, 403417634607628 
,477083042446264 
-,565811632004538 
.024362601102549 
I . 24632287 1 599347 
.973831606562969 
, 721253460448072 
.425518847122031 
.010542735307628 
.956222632141472 
. 741370440851423 
- 1. 030493398798257 
.050021910586210 


2282099 

-2901503 

4 7192 5 3 

-2769565 

-2065439 

-4842337 

2?S960 

-3^12399 

31 15505 

27.14457 

3949690 

-1850753 

3««77'6 

3819506 

1395778 

7155031 

-47 748 33 

- 1’95 616 

3 8 439 8 5 

-2732978 

-24629909 

8848 142 

- 12 3 14*’0 

-52697 3 1 

-7066605 

7296 

- 144 760 74 

3763225 

3682239 

1590714 

4996493 

-2237244 

-20906062 

5613009 

-13616504 

10377599 

-121 05626 

2425495 

2982437 

- 1788 100 

-17007929 

13533690 

3834802 

- 1418350 

4248104 

-2387438 

- 1 540789 

-5616516 

22 19293 

7339365 

4714607 

-2435944 

-549842 

-5434^48 

3540350 

3849760 

-7264005 

-1080653 

-15166067 

4846923 

-4935316 

106405BI 

-471 1 1 

-4610463 

2942489 

1405692 

4510258 

-2619185 

“8’B051 

7289741 

-15 874794 

7240892 

5383964 

-2537057 

36956 36 

2651327 

-12022286 

-1385842 

26315 14 

442614 

-12988^36 

1 76 3 9 7 

- 1 069756 

-<,0^2425 

-397592 

-4229942 

1988419 

-2290435 

3762107 

-2292851 

-25930639 

9864600 

3696543 

-2051 846 

-1509109 

-5694 133 

2730237 

12102555 

-29819981 

14695421 


-TH DEC 

- 1 096461 
‘1502441 

-574507 
-1406' 9p 
697995 
-1098293 
2054966 
2299080 
-1016938 
-1314597 
4667429 

- 1942534 
-1465715 

2342000 
1447790 
-1108283 
3327006 
5251061 
1585122 
-848032 
5698710 
-685073 
•1149283 
•2489675 
1472063 
•1202251 
•2332918 
723667 
•1021360 
2400214 
672135 
■1936044 
672084 
■1225926 
3640105 
1092592 
1 1Q9328 
1748583 
1400297 
’0511 
2938664 
1 955267 
1992422 
1000045 
11 IP484 
5674450 
-933089 
1765308 
6053185 
8344906 
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RCUP OF MINOR PL4NFTS 


OSCULATION IS JULl AN DATE 


24AAA00. 5 


3 


L 

NUH 

qjal 

X,V,Z COORDINATES AT JULIAN DATE 2‘*44B00.5 

PER TUOPAT IONS I N 

lO-TH DEC 

1 

1 

1 

-2,2'»8’6e3lT655157 

.■'4O04592'>3B9341 

.813264053174771 ' 

1367320 

-4290766' 

-2357946 

2 

2 

1 

-.788713W45C3926 

1,957727024547040 

-.327707067050130 

29^,2404 

- 78 3373 

-71926 

3 

3 

1 

-2.A234332738A1463 

-2.239654147900331 

-.323220319592547 

-20092325 

3370702 

2068664 

4 

4 

1 

-2. 7231 11786 

-.579256720469107 

.O5205U24P6‘?2208 

-440=1460 

-3777621 

-1-7636 54 

5 

5 

1 

2.90 3Al 1427159755 

-.156341478364602 

-.233439369107431 

4425440 

324582 

-21437 

6 

6 

1 

-1.470535155091660 

1.095990474430832 

.663353130591769 

1*^95166 

-1005526 

-433191 

7 

7 

1 

1.66RI 19176093416 

.639023013003364 

,437015740957634 

3-405^6 

766926 

339200 

8 

8 

1 

U7 1413669L33C149 

.724174065490477 

, 105878273834842 

2264247 

1415168 

404660 

9 

9 

1 

-.403714572924244 

-2.402000444479101 

-1. 104663153140322 

-9516631 

4466604 

1692815 

10 

10 

1 

,0979465‘*ft78945a 

3.095195784006179 

1.41 3613056863420 

36 10PO4 

-1526744 

-068990 

11 

11 

1 

.874827430373369 

-1,092601414462604 

-.77^910244521300 

-3103066 

0017143 

2934564 

12 

12 

1 

-2.221666264054242 

-.610087910461222 

-.491703271343937 

- 1329^36 

-5103038 

- 360B32 

13 

13 

I 

173270330615312 

-2.2515130P3221582 

-1.572261664746073 

-7036020 

5331896 

1849573 

14 

14 

1 

2.568336270196355 

-1.004543721 100566 

-.933636231124964 

1869966 

2645337 

1208177 

15 

15 

L 

1.758680613046345 

.876980753278172 

.048490376475375 

4598744 

34 1136 

416636 

16 

16 

1 

-1,447224683182256 

2,413040616139328 

.956276935261421 

2312432 

-2649652 ■ 

-1070225 

17 

17 

1 

1.4 >4231427009953 

-1.530592707976417 

-.68(34590766961 50 

-2667422 

7391367 

2609066 

IS 

IS 

1 

1.332167160538039 

-1.351028318438621 

-.477828002368087 

-453263 

8329251 

2153009 

19 

19 

1 

-.795139349319779 

-2.393840311972909 

-.985198516072479 

- 1 2134351 

6192609 

34U 582 

20 

20 

1 

-2.274972229124424 

-.658441361090229 

-.307153673826562 

-3118628 

-31964 79 

-U65777 

21 

21 

1 

1.915619119541041 

-.6C8438510568014 

-.301209325117235 

-1196535 

66843B7 

3024879 

22 

22 

1 

2.097998896517808 

1.551982628008055 

.326359049991881 

5207292 

293986 

-107T24 

23 

23 

1 

-2.057667272499145 

.210776582228309 

.491536103026988 

. 2097210 

-3715148 

-2250878 

24 

24 

1 

-2,539242681338038 

-1.329476234334251 

-.571659675409000 

-20717117 

-4253996 

-1223399 

25 

25 

1 

.499304806139483 

2.690677728262472 

.358113131035569 

3173740 

273743, 

-103061 

26 

26 

1 

.557148582520299 

2.540535225341402 

1.212541247783683 

3762720 

-453394 

-280852 

27 

27 

L 

-.9007U2490C7429 

-2.366961907600503 

-.993425699376242 

-15060261 

276260 

4700 3 3 . 

2S 

28 

1 

2.842L 90157260657 

-1.133621096267710 

-.602717131280475 

' 3699229 

1084995 

202739 

29 

29 

1 

-.933825200160365 

-2.235974113339807 

-1.273345092350809 

-16970938 

2971437 

1979995 

30 

30 

L 

.121693008754488 

-2,259588804653578 

-1.036592600020120 

-4518567 

7093256 

3790624 

31 

31 

1 

-.395119516060701 

-2.7C1872792417177 

-2.710752519458197 

917660 

64624 20 

4721650 

32 

32 

1 

-2.130678124856179 

-.819957060765926 

-.429351193392590 

-7794205 

-3878448 

-027543 

33 

33 

1 

-.045269010433920 

2.531675190752239 

1.198462780018808 

3002424 

270411. 

63093 

34 

34 

1 

1.204009694242958 

2.217190100099934 

.727440021925920 

4753669 

204052 

-80693 ' 

35 

35 

1 

3. l3€2806aO676628 

-1.063359160384282 

-.597623353840238 

3162166 

1265460 

721967 

36 

36 

1 

-2.201292352708592 

-2.071161905350181 

-1.887691429£30B92 

-16013960 

11011039 

9470273 

37 

37 

1 

-1.944986446209391 

1.322105817206810 

,674212750611119 

1099115 

-3010526 

- 1529 163 

38 

36 

1 

2.705225641656165 

-1, 1222 77334434180 

-.228299510881257 

3644403 

1019429 

390254 

39 

39 

1 

-2.049530498999567 

-2.146229322930330. 

-.391573029568305 

-35904991 

2949529 

1593559 

40 

40 

1 

-.110432184592187 

2.072735987423065 

.895889390440008 

3410322 

511250 

120953 

41 

41 

1 

U754007047567178 

-1.8685177B022O432 

-.261120614844097 

-2509444 

6039164 

U2302B 

42 

42 

1 

-2.772255922268798 

161113005954587 

,381215317401487 

-8608399 

-5678434 

-3466107' 

43 

43 

1 

-1.92574 5209442162 

-.650284226568591 

-.404097863822248 

-7358453 

-3623330 

-1113731 

44 

44 

1 

-2.094162109186954 

-1.138010948911287 

-.327519120175321 

-6030634 

-2660571 , 

-946804 

45 

45 

1 

-1. 176463066397988 

2.420306976104854 

.856263342936458 

2549095 

-275235B 

-950676 

46 

46 

1 

-.468098735927228 

-2.294815982891365 

-.806843477919381 

-10280476 

7006060 

3782072 

4^ 

47 

1 

-1.436480O266C3463 

2.553106637057610 

1.390805512444402 

2420621 

-2919794 

-16 19055 

48 

48 

1 

-3.092054418147427 

-.695520092818175 

-.235336760260997 

-17690213 

-7410576 

■‘—1176260; 

49 

49 

1 

-.347775872761774 

-3.105848674169764 

-1.430000556426876 

929778 

7931806 

4l087li; 

50 

50 

1 

-1.831806942275179 

-2.349711163760560 

-.873486193968127 

- 19915749 

13789533 

6694007 
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GRCiUP HP M1^^0R PLANFTS 


OSCULATION IS JULIAN HATE 2^A4R00.5 


3 


L MUM QU4L 


X»VtZ CDOROlNArPS AT JULIAN DATE 2''^A5200.5 


PERTURBATIONS IN 10- 


1 

1 

2 

2 

3 

3 

4 

4 

5 

5 

6 

6 

7 

7 

0 

8 

9 

9 

10 

10 

11 

11 

12 

12 

13 

13 

14 

14 

15 

15 

16 

16 

17 

17 

18 

10 

19 

19 

20 

20 

21 

21 

22 

22 

23 

23 

24 

24 

25 

25 

26 

26 

27 

27 

28 

28 

29 

29 

30 

30 

31 

31 

32 

32 

33 

33 

34 

34 

35 

35 

36 

36 

37 

37 

3B 

30 

39 

39 

40 

40 

41 

41 

42 

42 

43 

43 

44 

44 

45 

45 

46 

46 

47 

47 

48 

48 

49 

49 

50 

50 


I -,'?0';iQ73'T70A<?f 30 
1 -1.0293O6A65 «07292 
I .579fi530a389092l 
1 1. 71C50?2h30A9562 
I -.CSSS35OO10C926O 
I -2,60587353746982A 
I -2.A3373A30A737357 
1 -2,24399524*175220 
I 2.27l75d3910C47J8 
1 -2,750715276699225 
I 1.496059440246938 
1 1.891415516773279 
I 2.606808355923224 
I 2.07ei’2a69735788 
1 -2.225006851933'^42 
I -3,291420940653154 
I 1.742626614334377 
I -.834567504048512 
I 2.100615215045975 
1 .761194668901865 
I -.293659035879848 
I -1.740389410528913 
I -,26?5820543C6190 
t .555 34325733262 I 
I -2,405003474831616 
1 -2.4757437449C7717 
1 2.212796265771402 
I 1.430823760212441 
1 2.358045237791174 
I 1.697517450272592 
I 2.332TU3328C4633 
I 1,547361813018718 
1 -3.167360C91755796 
1 -2.330775401S00992 
1 3.128597626950102 
I .972927233068514 
1 -2.157915000950283 
I .724161791091845 
1 1.673343336344395 
1 -2.19690C92Q363390 
I 3.19039516J856910 
I .694300526164405 
1 2.067515 318755326 
I 1.210078012501221 
1 -2.245101C00357266 
1 1.924893874686120 
I -3.119792364948552 
1 -.657721874566274 
i 2.424557936866876 
I 1.770451368360256 


-2.441386614013993 
-2,032344707617156 
-2.9518993540UOO3 
-1.279597987736871 
2.O733548937«9807 
-1.267772439189908 
.764544776944940 
.6C3910263845243 
-.019617167947201 
1.256890708349211 
1.836368274646865 
-.384001214^92017 
- , 148669416979967 
1.920122681409886 
1.599676758895733 
-.328225284811811 
2.035120322326449 
1.965079037020061 
-.004054053376021 
-2,4421354335931 37 
2.379791685881813 
1 .688101 976032307 
-2.691478914557109 
-3.033180666933831 
1,617189706318939 
.612605873531688 
-.951637480091865 
2.Q87010456173502 
-.753151660125635 
1.044162337546624 
-1.475486711074176 
-2,048912345255104 
1,813120930416815 
.592904039766207 
1.564776731671404 
-1.998302416747663 
-1.937471956649517 
1,972718853313410 
-1.872325973586463 
-.859999321344127 
1.244907089213476 
-1.600129949592770 
-.090931484202446 
-2.321572188006328 
-1,114552735422365 
.361471764125440 
.000288708216581 
-3. 1C7393764502802 
-.866850714845835 
-.842207015381884 


-.969284326263640 
.535353880492131 
-.577759298380119 
-.735395291617987 
. 728985395827099 
. I 76063292268799 
«066685406424?41 
.458455909106638 
-.238457533346921 
.377196262766892 
.59100‘='9l 3549349 
, 1 1 1301 777945743 
-.744,821 1 31615961 
.490683180959534 
, 3754946 11818693 
-.030672437160633 
, 60123470901 8769 
,592649360355214 
.030848521356216 
-1.022879053963262 
1.074019646286405 
1.380250098R00190 
-1.348722425196708 
-1.359345916058103 
-.358416304684530 
.419696230814331 
-.476856798105779 
,447229060280482 
-.408054199025889 
. 534913475996927 
-2,341275465315931 
-.615178914912757 
,875490479671644 
.175618056757975 
1.021420002257031 
-1.789200502414644 
-.943784461501273 

1.072903367899535 

-.504176250383749 

-.190315540957447 

.142474140297759 

-.836449467025460 

,096922703212531 

-.954427277086214 

-.214167833487330 

.334065846063341 

.019032572645400 

-.949615093321054 

-.253807593556511 

-.327593416215365 


-16597692 

-10995437 

-301 3746 

-5288807 

-9900752 

6686430 

-6795162 

. -955553 

4642088 

3358110 

-956568 

-6199106 

272 1246 

-895068 

26 36443 

-584905 

-14095 75 

4189838 

4241450 

-2003037 

3L51696 

2395275 

-6223923 

1631236 

-250309 

3^90665 

4794379 

2^011 66 

2944384 

-186222 

2480616 

-5475833 

4030255 

2467077 

3208169 

3789647 

-3040023 

5 195122 

- 1 1669730 

-1155713 

3809762 

2004795 

331 3123 

6B21 85 

-15878802 

-7325084 

-135^6395 

3803299 

3767607 

-2044933 

3956058 

-2075958 

-2522323 

5741123 

5076214 

2777254 

-2488104 

5316610 

289907 

2625213 

565698 

4058526 

-7815123 

1652215 

3985739 

-2060184 

36^7005 

-1730249 

4867233 

2443865 

-56595 09 

6070295 

-10706691 

-11121818 

502531 1 

2956489 

-6084672 

7876969 

2854369 

-3492949 

3810687 

2407651 

-17588687 

-15342079 

-5574296 

3463600 

-8124328 

3172648 

1493423 

-4850455 

-1904587 

3537579 

3364363 

-4547735 

-33450575 

-7609691 

-697242 

4927734 

-5908327 

8615212 


'TH dec 

•5795415 
-1379207 
157639 
-514902 
1156971 
■3395916 
-292358 
-333150 
2190651 
-872042 
873655 
370410 
2667844 
900831 
-230914 
•225471 I 
069204 
1009795 
2064005 
-499C8 
1146772 
144770 
3670047 
2366813 
302444 
■1204113 
2545741 
866470 
2985084 
1082607 
4045451 
793033 
1031611 
-5U7I2 
955523 
7448077 
4253886 
1384926 
1486347 
1039097 
757070 
6949472 
1353935 
1102606 
2097144 
1362623 
2315912 
3560085 
2003019 
3290624 
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np yT^j^o olANFTS 


3 


3SCUL 3 T ION [ r Jl't. I A^. Hfi rr AS?0n. 5 


l 

N'UM 

OU^ L 

^ X»V*7 Cf'CPniNtr^S AT DA 

^!= -2443600. 5 

ppc TU'^ 

T:n^;S ]h' 

10-TH 05C 

1 

■ 1 

1 

?.49Hi07D;».)fln>077 

-1.231629638465513 

-1.090137197217494 

-9^.21 6 74 

1403125 

158537? 

? 

2 

1 

1 . 347098f,A6 16591 6 

-3.033173546153304 

. 506477362424938 

-7626740 

- 1053 1 31 

-897C2 ’6 

3 

3 

1 

1 , 'T8"4‘'»’45P 36P2 15 

,679200246636292 

, 04887216^477855 

-5595929 

3844975 

B6?600 

4 

4 

1 

1 .709690071 896836 

2, 1523 73392955923 

.7011 :>75386.8n2fl3 

1 4 U 0 6 5 

3170395 

1 362692 

5 

5 

1 

- 1 , 66 1 62?P 2‘'8350 

- 1 .5765884^1 S'- "'I 33 

- . 4 392C o 560364 

5242“ 5 1 

-6^8 168 

-560565 

h 

6 

1 

,76863B366?9‘=.4U 

-2.135952424245785 

-. 590781 1 4 7469? 3 7 

-10224097 

-? 11 78 )7,? 

-ll50.30nv 

7 

7 

1 

-1. 54396HUC060698 

-2,217644032033988 

-1.073842474862943 

1092594 

-8718204 

-2602726 

fi 

P 

1 

f3"46l96O19'^830 

-2.2168358-7414198 

801258659569040 

-552736 

-8711846 

-4321902 

9 

9 

1 

-1 . 352439561837016 

1 .50271 8387591543 

.852628105672927 

1931356 

5022593 

2230707 

10 

LO 

1 

-1.489389125537080 

-2.1316''?6CR2-'71'^1 

-1.073808963573462 

3®53392 

-5891 149 

- 17605*'7 

11 

1 1 

1 

-2. 134745314 103981 

1.4918624B5318947 

. 716969435041975 

2380031 

2730659 

1132502 

12 

1? 

1 

35 301 9430206755 

2.612132251570061 

.930572592523083 

2 4 002 B 8 

4256615 

1627053 

13 

13 

1 

. 174345560539830 

l.Q56«6U 1062'"3U 

1. 360*34833438549 . 

3065729 

4429 364 

2104952 

14 

14 

1 

-1.692568232227444 

1.205494474438545 

. 83395514035*^737 

2121886 

3741057 

1625775 

15 

15 

1 

-2. 551776858707854 

-1.327107822482162 

-1 . 26035573 5244203 . 

5126560 

-3314148 

32823 

16 

16 

1 

-1. 137429606916129 

-2.726426210392489 

-1. 0013^3927945905 

-900801 

-19715275 

-9070043 

17 

17 

1 

-1 . 723507156123368 

1 ,853690953243387 

.829619630656250 

2501916 

3413626 

1413442 

le 

14 

1 

-2, 6136^'^~23'36883 

-.994?p002~1204O6 

-. 02224874674P979 

5 1 25354 

-94»8937 

-609573 

19 

19 

1 

-1 .580928136668923 

1.722354427864403 

. 675532 1 58970015 

1739401 

4527576 

1R36785 

20 

20 

I 

2. 230420208127135 

.610579345336380 

.269955634«5616‘^ 

-41 1T?87 

3347343 

1369433 

21 

21 

1 

-2.763375475643571 

,154649185234605 

. 228775574971 157 

4 2 0 1 1 0 2 

396372 

-4?676 

2? 

22 

1 

-2.783130728427906 

-1 .460760695528772 

105498337765527 

5239846 

- 1013 326 

-1873375 

23 

23 

1 

2. 6046T 1085593509 

-1, 366411258282326 

-1 . 193433966375358 

-777on 55 

3331459 

2921406 

24 

24 

1 

3. 234904195487843 

-1.251453146147398 

586806181 907736 

-4907230 

456B434 

2110327 

25 

25 

1 

7569428906333 18 

-1.776420885495448 

32 754 7889068024 

35 18,531 

-3822108 

-376512 

26 

26 

1 

-.047433063669591 

-2.197428214473206 

-1. 066714509590255 

-1884337 

-104025V4 

-4465999 

27 

27 

1 

-.624650008268112 

1.699366239671889 

,751472431916937 

2448514 

4881976 

2033984 

28 

28 

1 

-2. 37?86’'500l93569 

,4347347C3?6769T' 

.356876230067458 

246P9 53 

1708706 

789240 

29 

29 

1 

.061551890511859 

2.078501440597705 

1. 177313682578635 

2723083 

4247362 

1962899 

30 

30 

1 

-2.275211240496574 

.95964222 1416146 

. 369324707647639 

1804231 

2520494 

1019050 

31 

31 

1 

2.633035093917676 

1.014213932076061 

. 170031613526820 

456757 

3243751 

2283185 

32 

32 

1 

2.437833739416178 

1.240808097649520 

.593340671562295 

-5653 1 2 

3188092 

1074450 

33 

33 

1 

-3. 551769186179087 

-.656305160411 1**2 

-.201159537484214 

5Q7fla 

-151*465 

-732779 

34 

34 

1 

-.305283721985607 

-2.613224696179032 

848968719920578 

-2 631642 

-1 1 832186 

-5 1 39267 

35 

35 

1 

.2062 18742800720 

2.715577899106705 

1.663698735071056 

3384495 

4460701 

1P54613 

36 

36 

1 

1.051523505905713 

1. 1 94^2^051837617 

1.086656166335352 

-29915 1 1 

2035806 

1331800 

37 

37 

1 

1 ,113354208910323 

-2.430343715.208579 

-1.219453567185120 

-21089964 

-21058279 

-6720675 

tB 

38 

1 

-2.589774673641969 

-.05-’3966*'^1«5964 

-, 346l59l734'5i54l 

36 10605 

404334 

250471 

39 

39 

1 

1,444124421639920 

2.054653916050341 

.402916876722395 

457768 

2971 768 

U74316 

40 

40 

1 

1. 540292239529954 

-1.390066120732833 

-.718894672977669 

-6310460 

-17686925 

-7715980 

41 

41 

1 

. 90309P917290887 

3. 1 69404301 1 T5050 

.415085098995162 

3356632 

4420242 

1714140 

42 

42 

1 

.81 1793401576950 

2.219522014017869 

. 869479176517718 

-862536 

1991819 

1186137 

43 

43 

1 

-.476558547600526 

2.338418112570888 

.9671-^3063885109 

2540103 

4447288 

1839061 

44 

44 

1 

2. 1520 65253549968 

.937277813611050 

.247416379236509 

-24 58806 

3061398 

1377990 

45 

45 

1 

1,616596616322976 

-1 .945779554327643 

-.731995051 768877 

-9107536 

-16840382 

-7507843 

46 

46 

1 

-l,fi0984430408ll*»4 

1.973655170610930 

.761286605073035 

2065258 

3628941 

1462331 

47 

47 

1 

-.414399900540012 

-2,269927988597569 

-1. 226002257546320 

-2540063 

-16171632 

-6125097 

48 

48 

1 

2, 561489537809280 

-1,841179318441071 

-.540057591001620 

-10174081 

4240730 

337512 

49 

49 

1 

-.072076134053382 

2,376048218461918 

1, 074467676945076 

26646 83 

43294W 

1043936 

50 

50 

1 

-1.132777124440523 

2.184935603906965 

. 829 1966292297 1 7. 

1872665 

4437095 

1742783 
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Appendix F 

LIST OF COMPUTER PROGRAMS ; 

The following list of 119 computer programs developed for this study is divided into 
two categories; main programs and subroutines. All but three of the 32 main pro- 
grams are new developments. Fifty-five of the 87 subroutines are new developments; 
the remaining 32 are modified subroutines taken from previously existing computer 
programs. A few subroutines have both single and double precision versions, and 
sometimes both are used. Any skipped numbers appearing in the sequence of com- 
puter programs is simply the result of omitting programs when they become obsolete 
in the development cycle. 

MAIN PROGRAMS 

CINl List Observations on Cincinnati Tape 

CIN3 Reduce Observations on Cards and Cincinnati Tape 

CIN4 Copy Cincinnati Observation Tape 

(Needed because of the frequent parity errors that occurred during 
the reading of the original tape. ) 

CIN5 Last Accurate Observation Each Minor Planet 

CIN6 Copy Cincinnati Tape with Long Blocks 

CIN7 Cincinnati Observation Tape to Binary Form 

JPLl Translate JPL Ephemeris Tape 

(Translates the JPL tape written with a UNIVAC to the CDC 6400 form.) 

JPL 2 Prepare Working Tape from JPL Ephermeris Tape 

(Prepares from the translated JPL ephemeris tape a working tape 
containing only the necessary data and covering only the specified 
interval of time.) 

JPL8 Prepare Tape of Planetary Coordinates for 400-Day Integrations 

LECPY List, Punch or Tape BCD Cards 
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NMPl 


NMP3 

NMP4 

NMP6 

NMP7 

NMP8 

NMP9 

NMP12 

NMP13 

NMP15 

NMP16 

NMP17 

NMP18 


Status of Numbered Minor Planet Ephemerides 

(The program computes the estimated ephemeris uncertainties for all 
of the numbered minor planets, and provides the listings of the results. 
It uses data from tapes prepared by other main programs of the NMP 
series . ) 

Prepare Tape of Data from Opposition Ephemerides 
Prepare Tape of Numbered Minor Planet Names and Synonyms 
Consolidate Numbered Minor Planet Tapes 

Prepare Multi-Record Tape of Orbit Data 

(Data selected by groups of 200 minor planets; 
costly large storage is avoided in this way.) 

Prepare Tape of Orbit Information 

Distribution of Ephemeris Uncertainties 

(Computes and lists several statistics relating to the orbital 
elements and the ephemeris uncertainties.) 

Integrate Coordinates of One Minor Planet 

(Numerical integration of the rectangular coordinates with 
perturbations by specified major planets included. Any 
number of minor planets can be integrated in succession.) 

Integrate Elliptic Motion 

(The same as NMP 12, but without perturbations by the major 
planets. Used in the development of NMP 12, and to study the 
maximum size of step interval.) 

Residuals for Minor Planets 

(Computes the residuals of observed right ascensions and declinations. 
Rectangular coordinates of the minor planets are taken from a tape 
prepared during a numerical integration. Reduced observed positions 
are taken from another tape . ) 

Prepare Tape of Numbered Minor Planet Elements 
(Consolidates elements and other data from earlier tapes.) 

Consolidate Numbered Minor Planet Basic Data 
(Forms the basic tape for initializing the new system.) 

Prepare Tape of Ephemeris Positions Near Standard Date 
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NMP20 

NMP22 

NMP23 

NMP24 

NMP25 

NMP26 

SUNOl 

SUN21 

SUN30 

PRNTA 


SUB09 

SUB42 


Prepare Elements Tape for Integrations 

Integrate Elliptic Motion for Group of Minor Planets 

(Used to prove the accuracy of the procedures and processes of 
NMP23. Elliptic motion permits essentially exact checks.) 

Integrate Perturbed Motion for Group of Minor Planets 
(This is NMP22 with perturbed accelerations.) 

Improve Elements from Nearby Ephemeris Positions 

(Provides provisional improvement of initial elements during 
initialization of new system. Intended for use only when more 
accurate and expensive procedures are not justified.) 

Improve Elements from Recent Observed Positions 

(Provides provisional improvement of initial elements during 
initialization of the new system. Intended for use when expensive 
numerical integrations are not justified.) 

Integrate Perturbed Motion of Group from any Epoch 

(The Epoch must be the same for all members of the group, but 
it need not be a 400-day date.) 

Check and Tape Solar Coordinates 

(Basic program to provide solar coordinates in coded form.) 

Solar Coordinates to Blocked Tape 

(Basic program to provide solar coordinates in binary form 
and ready to be interpolated for the date of an observation.) 

List Solar Coordinates from Tape in SUNOl Form 

SUBROUTINES 

General Page Handling Routine 

(This subroutine is used in all main programs. It is machine 
dependent, and may be installation dependent. It prints page 
he^ings, column headings, page numbers; dates each page; 
prints elapsed times on each page; limits the number of lines 
on each page; provides vertical spacing where needed. Several 
entries provide for various other features, including automatic 
input of the headings and control parameters . ) 

Solve Kepler's Equation 

Calendar Date to Julian Date 
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SUB43 
SUB46 
SUB 8 6 
SUBIOO 


SB217 
SB 138 
SB 155 

SB191 
SB236 
SB 245 
SB 253 
SB282 


SB332 

SB339 
SB380 
SB381 
SB 3 84 
SB385 
SB386 
SB 3 96 


Observatory Topocentric Constants 
Matrix for Rotating About N Axes 
Mean Obliquity of the Ecliptic 
Check Arithmetic Unit 

(Used at each step of’ the numerical integration to ensure the 
continued accuracy of the arithmetic unit.l 

Julian Date to 3Q 

Space Coordinates in Elliptic Orbit 

4-Point Lagrange Interpolation of Q Quantities 
(Required in the interpolation of the solar coordinates.) 

Space Coordinates and Velocities in Elliptic Orbit 

Apply Constant Term of Stellar Aberration 

Extended Gregorian Calendar Date to Julian Date 

Ecliptic Angles to Equatorial PQR Matrix 

Perturbed Two-Body Space Accelerations for One Point 

p'he principal subroutine for the computation of the accelerations 
in the rectangular coordinates as required in the numerical inte- 
grations.) 

Convert Alphanumeric Array to Floating Point Number 

(Provides for the printing of input data in its original form 
and for its conversic'?' to binary numbers.) 

Logical Sum of N Words 

Mean Obliquity from Julian Date 

Greenwich Mean Sidereal Time from Julian Date 

Precession Matrix from Reference Equinox to Julian Date 

Besselian Year to Julian Date 

General Precession Matrix 

Rotate Array with Direct or Transposed Matrix 
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SB400 

SB403 

SB405 

SB406 

SB407 

SB408 

SB409 

SB410 

SB411 

SB412 

SB413 

SB416 

SB424 

SB425 

SB426 

SB427 

SB428 

SB429 

SB430 

SB431 

SB432 

SB434 

SB435 

SB436 

SB437 


Initialize Fixed Table 

Place One Item at End of Fixed Table 

Search of General Table with Argument in N Integer Cells 

M Alphanumerical Characters to N Collating Integers 

Place One Item in Sequential Table with Integer Arguments 

t 

Redimension Fixed Table 

Convert Integer Representation to Decimal Fraction for Printing 
Sort with M-Word Argument and N-Word Function 
N Collating Integers to M Alphanumerical Characters 
Rotate String of Words 

Search Table with Sequential Integer Arguments in N Cells 

Collect N Words for L Lines 

Orbit Coordinates to Equatorial Coordinates 

Julian Date to Processed Space Coordinates in Ellipse 

Reduce Least Squares Matrix 

Solve Least Squares Equations 

N-Point Lagrange Interpolation of M Functions 

Topocentric Coordinates of Date from Sidereal Time 

Topocentric Coordinates of Date from UT Julian Date 

Topocentric Coordinates to Mean Equinox from Julian Date 

Lagrange Interpolation Coefficients 

Set Integer in Heading 

Angle to Sexagesimal 

Roots of Real Quadratic 

Difference of Two Nearby Angles 
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SB438 

SB439 

SB 440 

SB 441 

SB442 

SB447 

BFILL 

BMOVE 

CIN2 

CMT6 

CONVl 

CONV2 

CONV3 

CONV4 

CONV5 

DMPBC 

EFTS 

EFT4 

INTG2 

INTG3 


Equatorial PQR Matrix to Ecliptic Angles 
Julian Date to Besselian Year 
Angle to Sexagesimal for Printing 
Residuals from Perturbed Elliptic Orbit 
Coordinates and Velocities to Elliptic Elements 
18 Integer to 2A4 Format 
Bit Manipulation Package 


Table of Observatory Numbers - Cincinnati to LEC 

(Converts the observatory numbers on the Cincinnati tape 
to those adopted in comet work,) 

Reduce One Observation with Solar Coordinates on Disk 

(This is the principal subroutine for reducing observed positions. 

It does much of the actual computing and controls the subroutines that 
do the remainder.) 

Convert UNIVAC Fieldata to CDC Display Code 
Convert UNIVAC Integer to CDC Integer 

Convert UNIVAC Single-Precision Floating-Point Numbers to CDC 
Convert UNIVAC Double -Precis ion Floating-Point Numbers to CDC 
Logical Checksum of N UNIVAC Cells 
Dump Blank Common 

Set Table of Reductions to Ephemeris Time 
Look Up Reduction to Ephemeris Time 
Integration Setup 

(Reads the controls ahd options that govern the numerical integration 
programs. Sets default values and initializes other parameters.) 

Integration, Initial Start 

(Controls and carries out the repetitive processes that start the 
numerical integration from the coordinates and velocities at the 
date of osculation.) 
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INTG4 

INTG5 

INTG6 

INTG7 

INTG8 

INTG9 

JPL3 


JPL4 


JPL5 

JPL6 

JPL7 

NMP14 


NMP19 


Integration, Run 

(Controls and carries out the full numerical integration processes 
at each step of the integration.) 

Monitor Differences During Numerical Integration 

Coordinates and Velocities for Restart 

Setup for Coordinate Integration 

Start Coordinate Integration 

Coordinate Integration — Run 

Planetary Coordinates in Numerical Integration 

(Positions the tape containing the coordinates of the major planets 
and loads the coordinates required during the starting process of the 
numerical integration and then the coordinates required at each step 
of the integration that follows.) 

Indirect Terms in Numerical Integration 

(Computes and stores the indirect terms needed during the starting 
process and later at each step of the integration. These terms do 
not depend upon the coordinates being integrated, and so do not need 
recomputation during the predictor-corrector processes.) 

Planetary Accelerations in Numerical Integration 

(Computes and recomputes as needed all of the accelerations by the 
specified major planets at each step of the starting and running 
processes. ) 

Indirect Terms for One Date 
Planetary Masses and Gravitation Factors 
Interpolate Minor Planet Coordinates 

(Positions the tape written by the numerical integration program 
and reads two adjacent records of 50 points each. The coordinates 
for the given Julian Date are interpolated with a Lagrange formula 
of specified order.) 

Improve Orbit from One Observed Position 

(Uses an observed or ephemeris position to improve the given 
orbit in the neighborhood of the date of the position. Adjusts the 
mean anomaly, and then rotates the orbit plane slightly to give 
exact fit.) 
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NMP21 

NTGIO 

OBSY3 

OBSY4 

SET50 

SUN22 

TAN2 


Perturbed Accelerations in 400-Day Block 

(Computes the complete perturbed accelerations during one step of 
the numerical integration of a group of minor planets . ) 

Monitor Differences and Integration Convergence 

(Monitors the accuracy and convergence during the numerical 
integration of a group of minor planets.) 

Set Table of Observatory Constants 

(Reads punch-cards containing the latitude, longitude, and height of 
each observatory. For each observatory, it computes and sets in 
the table three constants needed to compute the topocentric 
coordinates.) 

Set Earth Constants 

(Reads a punch-card with the constants that define the size and shape 
of the Earth and the units used. Required by OBSY3.) 

Input Elliptic Elements in Various Forms 

(Needed to input the elements that define the initial osculating orbit.) 
Interpolate Solar Coordinates from Tape 
Arctangent with Range 0 to 360 Degrees 
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